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ABSTRACT 


Values  for  33  biologically-related  water  quality  variables  were  measured 
seasonally  at  36  stations  on  21  major  streams  in  eastern  MDntana  from  Mardi  to 
October  1979.    Streams  in  eastern  Montana  have  a  varied  ionic  makeup, 
averaging  a  bit  more  sodium  than  calcium  or  magnesium  and  about  twice  as  much 
sulfate  as  bicarbonate.    Annell's  Creek  and  the  Redwater  River  are  hi^ 
salinity,  high  sodium  waters  and  are  not  suitable  for  irrigation  under 
ordinary  conditions.    All  waters  measured  are  "moderately  hard"  to  "very  hard" 
and  would  be  relatively  insensitive  to  heavy  metals  contamination.    They  also 
give  a  neutral  to  alkaline  reaction  and  are  well  buffered,  indicatir^  they 
would  be  resistant  to  acid  rainfall  and  acid-mine  drainage.    Just  four  of  the 
streams  were  clearly  phosphorus  limited  although  most  streams  tervJed  toward 
phosphorus  limitation  from  spring  to  fall.    Several  stations  had  mean  values 
for  both  nitrogen  and  phosphorus  in  excess  of  recommended  instream 
concentrations;  however,  periphyton  production  is  low  and  nuisance  algae 
growths  are  uncommon  because  of  the  typically  turbid  waters  and  unstable 
bottoms.    The  Judith  River  at  Danvers  had  the  highest  average  in  situ 
production  rates  for  chlorophyll  and  biomass.    Most  of  the  phosphate  in 
eastern  Montana  waters  is  associated  with  the  nonfiltrable  fraction, 
explaining  the  meager  growth  during  the  algal  assay  experiments.    Oily  the 
Yellowstone  River  below  Yeagen  Drain  in  Billings  recorded  an  un-ionized 
ammonia  level  in  excess  of  the  criterion  to  protect  freshwater  aquatic  life. 
Golden-brown,  green  and  blue-green  algae  dominated  the  periphyton  associations 
of  eastern  Montana  streams.    Diatoms  occurred  in  all  samples  and  ranked  number 
one  in  40  percent  of  those  samples;  the  green  alga  CZadophora  occurred  in  64 


percent  of  the  samples  and  ranked  number  one  in  35  percent.    Cnly  the  Judith 
River  at  Eanvers  and  three  additional  sites  had  mean  diatcwi  diversity  values 
that  would  indicate  borderline  water  quality  conditions.  Stoneflies, 
mayflies,  caddisflies,  true  flies  and  true  bugs  were  the  major  aquatic  insect 
groins  encountered  in  eastern  Montana  streams.    Sairpling  problems  precluded 
the  collection  of  s  statistically  reliable  number  of  organisms  at  several 
stations.    Macro-invertebrate  diversity  appeared  to  decrease  in  a  downstream 
direction  on  the  larger  streams.    Mean  values  for  15  key  variables  were  used 
to  rank  stations  on  the  basis  of  biological  conditions. 
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PREFACE 


The  importance  of  long  term  monitors  is  evident  when 
one  considers  the  ecology  of  our  biosphere,  because  it  is 
being  increasingly  manipulated  and  polluted  by  the  civil- 
ization of  man.    Ihis  is  due  to  the  increased  population 
which  results  in  an  increased  demand  for  materials  for  life 
and  for  habitation...     (Patrick,  1977) 


An  interim  goal  of  the  1972  amendments  to  the  Federal  Vfeter  Pollution 
Control  Act  is  to  have,  wherever  attainable,  f ishable  and  swimmable  water  by 
July  1,  1983.    The  benefits  realized  ty  achieving  this  goal  will  be 
substantial,  since  water  quality  that  permits  fishing  and  swimming  is  also 
suitable  for  most  other  beneficial  uses. 

To  reach  the  1983  goal,  the  basic  biological  cciranunities  and  processes 
that  allow  fishing  and  swimming  must  be  maintained  in  a  healthy  balance.  For 
exaitple,  algae  must  not  become  a  nuisance  and  the  small  aquatic  animals  that 
fish  eat  must  be  present  in  variety  and  abundance.    Until  recently,  basic 
biological  processes  such  as  pJ-iotosynthesis  and  aquatic  life  forms  lower  than 
fish  had  been  given  little  consideration  in  water  quality  management,  yet 
these  processes  and  life  forms  are  basic  to  the  integrity  of  the  entire 
aquatic  ecosystem.    Any  effects  here  on  the  "ground  floor"  likely  will  have 
repercussions  on  \xp  the  food  chain. 

Chemical  and  ji^sical  properties  of  water  affect  living  organisms  in  ways 
we  are  just  beginning  to  understand,    ikjuatic  organisms  are  capable  of 
integrating  the  man/  and  diverse  factors  of  their  environment  and  of 
expressing  their  combined  effect  in  terms  of  growth,  reproductive  success,  and 
the  resulting  community  diversity.    Aquatic  organisms  vary  in  their 
sensitivity  to  pollutants,  hence  scsne  of  the  more  sensitive  and  tolerant  taxa 
have  become  useful  as  water  quality  indicators.    Lower  life  forms  are 
particularly  useful  as  indicators  because  almost  always  they  are  present  in 
statistically  significant  numbers. 

To  maintain  water  quality  for  fish  and  aquatic  life  is  public  policy  of 
the  State  of  MDntana  [Sec.  75-5-101(1),  M.C.A.  1979].    Pollution  is  defined  in 
part  as  "...contamination,  or  other  alteraticn  of  the  physical,  chemical,  or 
biological  properties  of  any  state  water..."    [Sec.  75-5-103(5),  M.C.A. 
1979].    To  measure  our  success  at  protecting  aquatic  life  and  ccaitrolling 
pollution  we  need  a  good  yardstick.    What  is  a  better  yardstick  than  the 
biological  organisms  and  processes  themselves?    Yet  there  has  been  no 
comprehensive,  systematic,  and  continuing  biological  monitoring  to  date  in 
Montana. 
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The  Mantana  Biolcagical  MDnitoring  Program  is  designed  to  help  fill  this 
need.    The  program  consists  of  a  netwDrk  of  stations,  a  battery  of  variables 
cind  a  sampling  strategy. 

The  network  includes  85  stations  on  59  streams  statewide,  with  at  least 
one  station  in  each  of  the  state's  major  drainage  basins.    Stations  were 
located  mostly  on  the  larger  rivers  and  streams  under  the  assuirption  that 
these  sites  would  most  accurately  reflect  water  quality  conditions  basinwide. 
Stations  are  groiped  geographically  into  five  loops,  each  with  16  to  20 
staticns.    Thirty- three  of  the  sampling  sites  are  located  at  or  near  U.S.G.S. 
water  quality  stations  and  10  conform  to  U.S.G.S.  NASQAN  (National  Stream 
Quality  A::counting  Network)  stations.     Streams  and  stations  in  the  Montana 
Biological  Monitoring  Network  are  listed  in  Appendix  A. 

E&ta  are  gathered  in  seven  biologically-related  areas:    streamflow,  common 
constituents  (including  specific  conductance  and  total  alkalinity),  algal 
nutrients  (nitrogen  and  phosphorus),  algal  growth  potential  (algal  assay), 
instream  periphyton  production,  periphyton  community  structure,  and 
macroinvertebrate  ccnimunity  structure. 

Stations  are  mcnitored  seasonally  during  periods  of  stable  flow,  once  in 
spring  (March-^ril) ,  once  in  summer  (July^August) ,  and  once  in  fall 
(Septeitiber-October) .    Ice  and  high  flows  have  proven  to  be  serious  impediments 
to  biological  sampling.    Consequently,  sampling  in  winter  and  during  peak 
sncwmelt  will  not  be  pursued,  even  though  these  are  times  of  stress  for 
aquatic  organisms. 

Beginnirg  in  1980,  after  the  seasonal  baseline  assessment  was  coirpleted 
for  all  85  stations,  the  program  was  streamlined  for  biennial  operation: 
Stations  will  be  sanpled  once  in  summer  to  permit  the  evaluation  of  trends. 
Qily  long-term  biological  monitors — ^periph/ton  and  macroinvertebrate  community 
structure — will  be  examined.     (These  two  features  are  at  tiie  heart  of  the 
MDntana  Biological  ^fc)nitoring  Program) .    An  appropriate  biological  index  will 
be  adopted.    Certain  stations  may  be  dropped  and  others  added.    Obviously,  the 
program  is  not  designed  for  r^id  detection  of  acute  problems  but  rather  for 
evaluation  of  chronic,  long-term  trends. 

Oamments  are  welcome,  especially  now  when  the  program  is  relatively  new. 
All  stations,  parameters,  and  procedures  are  on  trial  and  subject  to 
continuing  evaluation.    If  we  have  overlooked  a  stream  of  particular  interest 
to  you,  please  let  us  know  and  give  us  your  reasons  wiry  it  should  be  included 
in  the  network.    Vfe  would  also  like  your  comments  on  the  overall  usefulness  of 
the  program  to  you.     It  is  hoped  that  these  reports  will  be  more  than  just 
internal  management  documents,  and  that  they  will  aid  resource  itanagers, 
municipalities,  industries,  and  the  public  in  assessing  water  quality 
conditions  and  trends  in  their  areas. 
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This  is  the  fourth  and  final  report  on  baseline  biological  conditions  in 
Montana  rivers  and  streams. 

The  Eastern  Locps  (ISbrtheast  and  Southeast)  include  waters  that  traverse 
largely  agricultural  lands  in  Great  Plains  MDntana.    Livestock  grazing  and 
dryland  and  irrigated  farming  are  the  prirriipal  land  uses.    Oil  and  natural 
gas  production  and,  more  recently,  coal  stripmining  are  the  primary  extractive 
industries.    Ihe  human  population  is  sparse  and  largely  rural,  although  the 
area  includes  Mantana's  largest  city — Billings  (pop.  ca.  70,000).    Nfejor  water 
quality  problems  in  eastern  Mantana  are  sediment,  salinity,  and  dewaterirg 
(Vfeiter  Quality  Bureau,  1976) . 

Stream  stations  covered  in  this  report  are  listed  in  Tables  1  and  2,  along 
with  legal  descriptions  and  abbreviations  used  in  subsequent  tables.    All  20 
stations  in  the  ISbrtheast  locp  are  within  the  Missouri  River  drainage  basin. 
All  but  two  of  the  16  staticxis  in  the  Southeast  locp  are  within  the 
Yellowstone  River  drainage  basin.    Ihe  stations  on  Beaver  Creek  at  Wibaux  and 
the  Little  Missouri  River  at  Capital  are  geograpiiically  south  of  the 
Yellowstone  River  in  Montana  but  included  within  the  drainage  area  of  the 
Missouri  River  below  the  irouth  of  the  Yelllowstcne. 

\feriables  covered  in  this  report  are  listed  in  Table  3.    Itests  for  all 
variables  except  certain  common  constituents  and  algal  growth  potential  (algal 
assays)  were  run  seasonally,  in  March-;^ril  1979  (spring),  July  1979  (summer), 
and  October  1979  (fall) .    Oammon  ions  and  algal  growth  potential  were 
determined  for  sait^ales  collected  during  the  summer  trip  only. 
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The  Eastern  loops  were  run  again  in  the  summer  of  1980,  along  with  the 
remaining  three  locps.    When  periphyton  and  macioinvertebrate  sanples 
collected  on  the  1980  visits  have  been  analyzed,  evaluation  of  long-term 
trends  in  water  quality  can  begin  for  all  85  stations  statewide. 
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Table  1.    Stream  statiois  covered  in  this  report  —  Northeast  Loop 


Abbreviation 

Location 

Legal  Description 

Beaver  Creek/ Hinsdale 

Beaver  Creek  near  Hinsdale 
at  Beaverton 

T31N 

R34E 

25BCB 

Box  Elder  Creek 

Box  Elder  Creek  near 
Winnett 

T14N 

R28E 

03BAC 

Big  Muddy  Creek 

Big  Muddy  Creek  near  mouth 
near  Culbertson 

T2aN 

R55E 

21BDC 

Big  Spring  Creek 

Big  Spring  Creek  below 
Lewistcwn 

T16N 

R17E 

35BDD 

Judith  River/Utica 

Judith  River  near  Utica 

T13N 

R12E 

03CAA 

Judith  River/Eanvers 

Judith  River  near  Dan vers 

T18N 

R16E 

32CCD 

Judith  River/Winifred 

Judith  River  near  mouth 
near  Winifred 

T23N 

R16E 

03ACD 

Milk  River/Nashua 

Milk  River  at  Nashua  near 
mouth 

T27N 

R41E 

OICBC 

Missouri  River /Winifred 

Missouri  River  below 
Judith  River 

T23N 

R16E 

25BAD 

Missouri  River/Mobridge 

Missouri  River  at  Fred 
Robinson  Bridge 

T2zN 

m  At:* 

R24E 

TV  OT^ 

31ABB 

Missouri  River/ 
Culbertson 

Missouri  River  at 
Culbertson 

T27N 

RdoE 

03BAD 

Musselshall  River/ 
Harlowton 

Musselshell  River  at 
Harlowton 

TUoN 

RLbE 

zoAAD 

Musselshell  River/ 
Bundy 

Musselshell  River  at 
Bundy  above  Roundup 

T06N 

R23E 

OlADC 

Musselshell  River/ 
Delphi  a 

Musselshell  River  at 
Delphi a  below  Roundup 

TOaJ 

R2aE 

28CCC 

Musselshell  River/ 
MDsby 

Musselshell  River  at 
Mosby 

T14N 

R30E 

IIBBB 

Pcplar  River 

Poplar  River  at  mouth  at 
Poplar 

T27N 

R5QE 

12BBC 

Redwater  River/ Circle 

Redwater  River  at  Circle 

T19N 

R4aE 

IICCA 

Redwater  Fdver/Rsplar 

Rsdwater  River  near  mouth 
near  Poplar 

T27N 

R50E 

35AAA 

Mblf  Creek/Stanford 

Wolf  Creek  at  Stanford 

T16N 

R12E 

07DCC 

Wblf  Creek/Dentcn 

Wolf  Creek  at  Denton 

T18N 

R14E 

14CBB 
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I^ble  2.    Stream  stations  covered  in  this  report  —  Southeast  Locp 


ADDre viat ion 

Location 

Legal  Description 

Armell's  Creek 

East  Fork  Armells  Creek 
near  03l strip 

T03N 

R41E 

28CCD 

Beaver  Creek/Wibaux 

Beaver  Creek  at  Wibaux 

T14N 

R59E 

12BDD 

Bi^orn  River 

Bighorn  River  at  Bighorn 
near  mouth 

T05N 

R34E 

33BBC 

Clark's  Fork  River 

Clark's  R^rk  River  at 
Edgar  near  Laurel 

T04S 

R23E 

25BAB 

Little  Missouri  River 

Little  Missouri  River  at 
Capitol 

TOSS 

R62E 

03B?^ 

Etwder  River/ Broadus 

Powder  River  at  Broadus 

TOSS 

R51E 

02BCC 

Powder  River /Locate 

Powder  River  at  Locate 
near  Miles  City 

TOSN 

R51E 

23CDD 

Rosebud  Creek 

Rosebud  Creek  near  Colstrip 

T02N 

R43E 

29DEA 

Shields  River 

Shields  River  near  mouth 
near  Livingston 

TOIS 

RlOE 

26BBA. 

Tbngue  River/ Brandenberg 

Ibngue  River  at  Brandenberg 

TOIN 

R44E 

14ACC 

Tongue  River/Miles  City 

Tongue  River  at  Miles  City 
near  mouth 

T07N 

R47E 

23nAA 

Yellowstone  River/ 
Livingston 

Yellowstone  River  above 
Livingston 

T03S 

R09E 

OICBC 

Yellowstone  River/ 
Billings 

Yellowstone  River  at 

E^st  Bridge  in  Billings 

TOIN 

R26E 

34AAB 

Yellowstone  River/ 
Bant ley 

Yellowstone  River  near 
Huntley 

T02N 

R27E 

25CDB 

Yellowstone  River/ 

r  KJL  oy  ui  1 

Yellowstone  River  at 
rDisycn 

T06N 

R4aE 

23BBC 

Yellowstone  River/ 
Sidney 

Yellowstone  River  at 
Sidney 

T22N 

R59E 

09CCD 

J 
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Table  3.    Variables  cxjvered  in  this  report 


Instantaneous  Streamflow  (m^/sec) 

ODinmon  Constituents 

-Ccition  Ifetio:        CarMgrNa  (as  meq/l) 

-Anion  tetio:       11003:804:01  (as  meq/l) 

-Specific  Oonductance  (micromhos  @  25  C) 

-Sodium  Msorption  Ratio  (SAR) 

-Total  Alkalinity  (mg/l  CaC03) 

-Total  Hardness  (mg/l  CaCD3) 

-Field  Vfater  Temperature  (°C) 

-Field  pH  units) 

-Total  Suspended  Sediment  (mg/l) 

-Laboratory  Turbidity  (NTU) 

Algal  Nutrients 

-NO2+NO3-N;    NH3+NHI-N;  NH3-N; 

Kjeldahl-N;  PO4-P;    Total  P  (all  in  mg/l) 
-Total  Soluble  Inorganic  Nitrogen  (N02+NO3~N 

plus  NH3+NHJ-N:    Phosphate  Phosphorus  (PO4-P)  Ratio 

-TSIN  and  Total  P  as  %  of  recommended  maximum  instream 
levels  (0.35  mg/l  TSIN  and  0.05  mg/l  Ttotal  P) 

Algal  Assay 

-Oontrol  Standing  Crop  (mg/l) 
-Nutrient  Spike  Standing  Crop  (mg/l) 

Periphyton  Production 

-Chloropliyll  a  A::crual  (mg/m^/day) 
-Biomass  Aircrual  (mg/m^/day) 
-Autotrophic  Index 

-Chlorophyll  a/Hiecphytin  a  Ratio  (OD663b/OD663a) 
-Carotene/Chlorophyll  Ratio  (OD430/OD663T 

Periphyton  Community  Structure 

-I^k  of  diatoms  relative  to  other  algae 
-Number  of  Diatom  Species 
-Diatom  Species  Diversity  (d) 

Ifecro invertebrate  Community  Structure 

-Mean  PRA  Major  Macroinvertebrate  Orders 
-Number  of  Macroinvertebrate  Taxa 
-Macroinvertebrate  Genus  Diversity  (d) 
-Number  of  Organisms  Collected 
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RATiaslALE,  MEHBDDS,  RESULTS,  AND  IMTERPRETATICNS 

STREAMFIDW 


fetionale 

Accurate  measurements  of  streamflow  are  essential  for  calculating  loads  of 
dissolved  constituents,  particularly  nutrients.    Many  aquatic  organisms  have 
specific  instream  flow  requirements  for  various  activities.  Exceptionally 
high  and  low  flows — overbank  flooding  and  complete  dewatering  in  the 
extremes — are  rather  traumatic  events  for  a  river  and  its  aquatic  life. 
Periodic  streamflow  measurements  also  circumscribe  a  stream's  size,  which  in 
turn  dictates  the  nature  of  the  aquatic  ccinmunity  it  can  support. 

Methods 

Flew  rates  at  the  following  stations  were  measured  with  a  ffersh-McBirney 
electronic  current  meter:    Beaver  Creek/Hinsdale,  Box  Elder  Creek,  Big  Spring 
Creek,  the  three  Judith  River  stations,  Missouri  River/Winifred,  Itedwater 
River/PDplar,  and  the  two  Wblf  Creek  stations  (Northeast  Loop);  Armell's 
Creek,  Little  Missouri  River,  and  the  Shield's  River  (Southeast  Locp) .  A 
straight  section  of  stream  with  a  uniform  cross-section  and  a  smooth  bottom 
was  chosen  whenever  available.    A  measuring  tape  was  stretched  across  the 
channel  and  depths  and  velocities  were  recorded  at  selected  points  sucii  that 
no  more  than  10  percent  of  the  total  discharge  fell  between  two  consecutive 
points.    Tbtal  instantaneous  discharge  was  then  estimated  by  summing  flows  for 
each  of  the  measured  subsections. 

Where  biological  mcanitoring  and  U.S.G.S.  gagirg  stations  coincide, 
streamflow  measurements  were  obtained  from  the  Helena,  Billings  and  Fort  Peck 
offices  of  the  U.S.  Geological  Survey,  Water  Resources  Division.  Streamflows 
for  the  Musselshell  River  at  Bundy  and  the  Yellowstone  River  at  Huntley  were 
estimated  from  flows  measured  at  U.S.G.S.  stations  at  Itoundip  ard  Billir^s, 
respectively.    The  tfetional  Weather  Service,  Billings  and  Great  Falls, 
provided  flew  data  for  the  Clarks  Fork  River.    Flows  in  the  Missouri  River 
near  Winifred  could  not  be  estimated  accurately  because  of  the  size  of  the 
stream  and  the  considerable  distance  to  the  nearest  U.S.G.S.  gaging  station. 

Results 

Instantaneous  streamflows  are  presented  in  Tables  4  and  5. 
Interpretation 

In  the  Northeast  Loop,  mean  instantaneous  streamflow  ranged  from  0.3 
m^/sec  in  Wolf  Creek  at  Stanford  to  308.26  m^/sec  in  the  Missouri  River  at 
Culbertson.    Missouri  River/Winifred  flows  probably  were  of  the  same  order  of 
magnitude  as  Missouri  River/Mobridge  flows.    Seascaial  flows  for  most  streams 
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declined  appreciably  from  spring  to  summer  and  again  from  suitmer  to  fall, 
reflecting  the  early  snowmelt/rurof f  cycle  in  northeastern  Montana  ard 
subsequent  irrigation  usage  and  natural  depletions. 

In  the  Southeast  Loop,  mean  instantaneous  streamflow  ranged  from 
practically  nil  in  Armell's  Creek  to  372.03  m^sec  in  the  Yellowstone  River 
at  Forsyth.    large  rivers  originating  in  the  mountains  (Bighorn,  Clark's  Fork 
and  Yellowstone)  peaked  later  than  the  smaller  prairie  streams,  resulting  in  a 
mean  summer  flow  that  was  significantly  larger  than  the  mean  spring  flow  for 
the  Southeast  Loop  as  a  whole.    Mean  fall  streamflow  was  only  a  quarter  of 
mean  summer  flow,  reflecting  both  natural  and  agricultural  depletions. 

Three  streams  exhibited  no  surface  flows  on  one  or  more  visits  during  the 
course  of  this  study.    These  streams  were  Armell's  Creek,  Box  Elder  Creek,  and 
the  Little  Missouri  River. 


T^ble  4.    Instantaneous  Streamflow  (m^/sec)  —  Northeast  Loop 


Station 

Spring 

Summer 

Fall 

Mean 

Beaver  Creek/ Hinsdale 

Fm 

.17 

.12 

.14 

Box  Elder  Creek 

6.82 

0.00 

0.00 

3.41 

Big  Muddy  Creek 

25.49 

.17 

.01 

8.56 

Big  Spring  Creek 

FNM 

4.84 

5.22 

5.03 

Judith  River/Utica 

.19 

2.25 

.62 

1.02 

Judith  River/Canvers 

FNM 

16.99(E) 

12.04(E) 

14.52(E) 

Judith  River/ Winifred 

Fm 

15.76 

12.41 

14.08 

Milk  River/Nashua 

212.40 

26.03 

3.68 

80.70 

Missouri  River/ 
Winifred 

Fm 

Fm 

Fm 

Fm 

Missouri  River/ 
Mcbridge 

410.64 

297.36 

166.80 

291.6 

Missouri  River/ 
Culbertson 

Fm 

396.48 

220.05 

308.26 

Musselshell  River/ 
Harlowton 

7.10 

.96 

.84 

2.97 

Musselshell  River/ 
Bundy 

32.00(E) 

13.51(E) 

2.02(E) 

15.84(E) 

Musselshell  River/ 
Delphi a 

35.40 

12.40 

2.09 

16.63 

Musselshell  River/ 
Mosfcy 

56.64 

4.19 

2.54 

21.12 

Pcplar  River 

56.64 

1.70 

.45 

19.60 

Redwater  River/Circle 

7.08 

.08 

.01 

2.39 

Redwater  River/ Fbplar 

Fm 

.73 

.35 

.54 

Wblf  Creek/Stanford 

.15 

.14 

.09 

.13 

Wblf  Creek/Denton 

.66 

.14 

.32 

.37 

Msan 

65.48 

44.10 

22.61 

41.50 

Fm.:    Flow  not  measured 
(E):  Estimate 
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I^ble  5.     Instantaneous  Streamflow  (m-^/sec)  -  Southeast  Loop 


Station 

Spring 

Summer 

E^ll 

Mean 

Amell's  Creek 

.06(E) 

<  .01 

0.00 

.02 

Beaver  Creek/Wibaux 

.42 

.06 

.03 

.17 

Ri  ahorn  River 

157.74 

175.50 

90.68 

141.31 

n  ark ' «;  Fnrk  River 

12.74 

69.38 

10.76 

30.96 

Little  Missouri 
River 

FISM 

.66 

0.00 

.33 

Powder  River/Broadus 

23.16 

8.10 

5.61 

12.29 

Fbwler  River/Locate 

75.33 

8.66 

1.32 

28.44 

Rosebud  Creek 

6.71 

1.10 

.85 

2.89 

Shields  River 

9.57 

Fm 

3.71 

6.64 

Tongue  River/ 
Brandenberg 

17.67 

14.73 

6.81 

13.07 

Tongue  River/ 
Miles  City 

33.98 

7.22 

2.94 

14.71 

Yellowstone  River/ 
Livingston 

30.58 

252.05 

48.17 

110.27 

Yellowstone  River/ 
Billings 

142.45 

495.6 

71.65 

236.57 

Yellowstone  River/ 
Huntley 

151.51(E) 

495.6(E) 

71.65(E) 

239.59(E) 

Yellowstone  River/ 
Forsyth 

387.98 

574.90 

153.21 

372.03 

Yellowstone  River/ 
Sidney 

487.10 

438.96 

162.56 

362.87 

Mean 

102.47 

169.50 

39.37 

102.38 

FNM:  Flow  not  measured 
(E):  Estimate 


-  9  - 


(XMNDN  CONSTITUENTS 


I^tionale 

Common  ions  are  the  basic  ingredients  of  the  chemical  "soi:p"  in  which 
aquatic  organisms  live.    Iheir  relative  proportions  often  dictate  the  nature 
of  plant  and  animal  ccanmunities  inhabiting  surface  waters. 

Specific  conductance  is  a  measure  of  osmotic  stress  on  organisms — ^both 
aquatic  and  terrestrial — ^that  live  in,  drink  of  or  are  irrigated  by  the  water 
in  question.    Too  much  sodium  in  relation  to  other  cations  (measured  ty  the 
sodium  adsorption  ratio  or  SAR)  may  destroy  soil  structure  and  inhibit  the 
growth  of  irrigated  crops. 

Alkalinity  is  a  measure  of  the  acid-neutralizing  capacity  of  water  and 
thereby  an  indicator  of  a  water's  resiliency  to  acid  rainfall  or  mine 
drainage.     It  is  generally  proportional  to  a  water's  basic  fertility  or 
productivity.    Alkalinity  and  pH  are  closely  interrelated. 

Hardness  is  a  measure  of  a  water's  capacity  for  precipitating  soap.  Soap 
is  precipitated  chiefly  by  the  calcium  and  magnesium  ions  commonly  present  in 
water.    Hardness  was  calculated  from  the  concentrations  of  these  two  cations 
and  expressed  as  calcium  carbonate.    The  susceptibility  of  a  water's 
biological  community  to  toxicity  by  heavy  metals  is  inversely  proportional  to 
the  water's  hardness;  the  more  calciiam  and  magnesium  dissolved  in  a  water,  the 
less  toxic  will  be  a  given  concentration  of  heavy  metals. 

The  metabolic  rate  of  aquatic  organisms  roughly  doubles  with  every  ICP  C 
increase  in  temperature.    Aquatic  organisms  often  are  very  sensitive  to 
temperature  extremes,  particularly  in  the  high  range. 

Sui^sended  sediment  in  excess  will  interfere  with  certain  aquatic 
biological  processes  and  activities,  for  example  breathing  and  spawning.  It 
will  also  cause  scouring  and  prevent  secure  attachment  by  sessile  benthic 
organisms.    Vfeters  normally  containing  80  to  400  mg/l  suspended  solids  are 
unlikely  to  sipport  good  freshwater  fisheries  (F.W.P.C.A. ,  1968).  Excessive 
turbidity  will  limit  light  penetration  to  bottom-living  plants. 

Methods 

Urpreserved  and  unf iltered  grab  samples  were  collected  in  one  liter 
plastic  bottles  and  transported  under  ice  back  to  the  laboratory.  Analytical 
procedures  followed  those  of  the  American  Public  Health  Association  (1971; 
1975)  or  the  U.S.  aivironmental  Protection  Agency  (1974).  Specific 
conductance  was  measured  with  a  VSieatstcne  bridge.    Calcium,  magnesium  and 
sodium  were  measured  ty  atomic  absorption.    Bicarbonate  and  total  alkalinity 
were  measured  by  the  autcanated  metliyl  orange  method  or  by  titration  with  0.02 
N  H2SO4  to  a  pH  4.5  endpoint.     Sulfate  was  determined  by  the  automated 
methyl  thymol  blue  method.    Chloride  was  measured  by  the  automated  mercuric 


-  10  - 


thiocyanate  method.    Ibtal  hardness  was  calculated  from  calcium  and  magnesium 
analyses  and  the  sodium  adsorption  ratio  determined  from  sodium,  calcium  and 
magnesium  results.    pH  measurements  were  made  on  site  with  a  mini-field  pH 
meter  with  a  combination  gel-filled  electrode. 

Samples  to  be  analyzed  for  turbidity  and  total  suspended  solids  were 
collected  unpreserved  in  one  pint  bottles  with  a  depth-integratirg  type  EH-48 
suspended  sediment  sampler  with  a  1/4  inch  orifice.    A  measuring  tape  was 
stretched  across  the  channel  where  deptlis  were  not  prohibitive.    Hie  sampler 
was  then  lowered  from  the  water  surface  to  the  streambed  and  back  at  the  same 
rate  at  10  to  20  equally  spaced  verticals  in  the  stream  cross  section, 
depending  on  stream  width.    This  method  resulted  in  a  water -sediment  saitple 
that  was  weii^ted  according  to  velocity  at  each  increment  of  depth  and  at  each 
of  the  verticals.    Samples  were  then  transported  to  the  laboratory  and 
analyzed  following  approved  methods  (A.P.H.A. ,  1971,  1975;  EPA,  1974).  Ttotal 
suspended  solids  were  measured  by  the  filtration,  evaporation  at  105°  C, 
gravimetric  method.    Turbidity  was  determined  nephelometrically.  Water 
tenperatures  were  measured  on  site  at  the  time  of  sairple  collection  with  a 
pocket  field  thermometer  accurate  to  plus  or  minus  1.0°C. 

Results 

Values  for  the  common  constituents  in  eastern  Montana  waters  are  presented 
in  Tables  6  through  17. 

Interpretation 

Stream  stations  in  eastern  Montana  have  a  varied  ionic  makeup,  averaging  a 
bit  more  sodium  than  calcium  or  magnesium  and  about  twice  as  much  sulfate  as 
bicarbonate.    Chloride  is  not  a  significant  anion  in  streams  of  the  eastern 
loops  relative  to  bicarbonate  and  sulfate.    The  larger  and  longer  streams  in 
eastern  Montana  typically  begin  in  upland  regions  as  calcium-bicarbonate 
waters  and  pick  up  more  sodium  and  sulfate  as  they  descend  into  the  prairie. 

Using  summer  conductivity  data,  Armell's  Creek  and  both  Radwater  River 
stations  are  classified  as  very  high  salinity  waters,  meaning  they  are  not 
suitable  for  irrigation  under  ordinary  conditions.    Beaver  Creek  at  Wibaux, 
Big  Muddy  Creek,  Wblf  Creek  at  Denton,  the  Little  Missouri  and  Powder  rivers, 
and  the  Musselshell  River  at  Mosfcy  all  have  borderline  salinity  conditicans. 
In  addition  to  their  very  high  salinity,  both  Redwater  River  stations  have  a 
preponderance  of  the  sodium  ion  and  would  pose  a  high  sodium  hazard  based  on 
their  SAR  values.    Armell's  Creek,  Big  Middy  Creek  and  Beaver  Creek  at  Wibaux, 
the  Little  Missouri  River,  and  Powder  River  at  Locate  all  have  moderate  sodium 
levels  while  the  remaining  streams  sampled  in  eastern  MDntana  would  pose  a  low 
sodium  hazard  (Richards,  1969). 

All  waters  measured  in  eastern  Montana  are  classed  as  "moderately  hard"  to 
"very  hard"  and  would  be  relatively  insensitive  to  heavy  metals  contamination 
(Todd,  1969) .    Furthermore,  these  waters  all  give  a  neutral  to  alkaline 
reaction  and  are  well  buffered,  indicating  they  would  be  resistant  to  acid 
rainfall  and  acid-mine  drainage. 
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Eastern  Montana  streams  exhibit  the  greatest  range  in  temperature  of  any 
waters  in  the  state,  from  CPC  in  winter  upwards  toward  3(PC  in  suimier. 

Su^enied  sediment  ard  turbidity  measurements  at  both  Powder  River 
stations  averaged  one,  two  and  in  some  cases  three  orders  of  magnitulde  higher 
than  mean  values  for  these  parameters  at  other  stations  m  eastern  Montana. 
R3ur  additional  stream  stations  with  notably  poor  water  clarity  and  high 
sediment  values  were  the  Clark's  Fork  of  tiie  Yellowstone,  Milk  River  at 
Nashua,  Tbngue  River  at  Miles  City  aiid  the  Redwater  River  near  Poplar. 
Su^rxaed  sediment  ani  turbidity  values  were  generally  highest  in  spring  and 
lowest  in  fall,  being  closely  and  directly  related  to  stream  discharge. 


3. 
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Table  6.    IVDtal  Alkalinity  (mg/l  CaCO^) ,  Total  Hardness  (mg/l  CaCOs),  Sodium 

Msorption  Ratio  (EAR),  and  common  ion  ratios  (as  meq/l)  —  Northeast  Loop 


Sodium 

Total 

Total 

Aisorption 

HCO3: 

Station 

Alkalinity 

Hardness 

Ratio 

Ma 

S04:C1 

Beaver  Creek/Hinsdale 

226 

354 

4.1 

1:1:3 

4:9:1 

Box  Elder  Creek 

DRy 

DRY 

DFOr 

DRy 

DRY 

Big  Muddy  Creek 

468 

492 

6.9 

1:3:6 

23:44:1 

Big  Spring  Creek 

184 

316 

0.3 

9:5:1 

58:51:1 

Judith  River/Utica 

165 

193 

1.7 

2:1:2 

112:25:1 

Judith  River/Danvers 

320 

0.5 

4:3:1 

36:31:1 

Judith  River/Winifred 

402 

0.9 

2:2:1 

23:42:1 

Milk  River/Nashua 

220 

300 

3.1 

1:1:2 

11 :lD :1 

Missouri  River/ 

148 

203 

0.9 

2:1:1 

13:9:1 

Winifred 

Missouri  River/ 

146 

237 

0.9 

2:1:1 

12:11:1 

Mabridge 

Missouri  River/ 

148 

254 

2.3 

1:1:2 

12:22:1 

Culbertson 

Musselshell  River/ 

226 

359 

1.4 

2:1:1 

22:27:1 

Harlovrt:on 

Musselshell  River/ 

232 

408 

2.0 

1:1:1 

15:24:1 

Bundy 

Musselshell  River/ 

245 

457 

2.2 

1:1:1 

IJ :zz :1 

Delphia 

Musselshell  River/ 

238 

573 

3.8 

1:1:2 

9:29:1 

M3sby 

Poplar  River 

352 

111 

5.7 

1:1:5 

4:2:1 

Rsdwater  River/ 

477 

1216 

9.6 

1:2:5 

19:99:1 

Circle 

Itedwater  River/ 

241 

529 

10.3 

1:3:9 

9:63:1 

Poplar 

Wolf  Creek/Stanford 

199 

246 

0.1 

13:8:1 

64:18:1 

Wblf  Creek/Dsnton 

259 

798 

3.5 

1:2:2 

6:20:1 

Mean 

239 

412 

3.2 

1:1:2 

11:24:1 

Table  7.    Total  Alkalinity  (mg/l  CaG03),  Total  Hardness  (mg/l  Caa03),  Sodium 

Msorpticai  Ratio  (SAR),  and  common  ion  ratios  (as  meq/l)  —  Southeast  Loop 


Station 

Total 
Alkalinity 

Total 
Hardness 

Sodium 
Msorption 
tetio 

Ca:Mg: 
Na 

HCO3: 
S04:C1 

Armell's  Creek 

213 

2390 

4.8 

1:4:2 

3:51:1 

Beaver  Creek/Wibaux 

365 

633 

6.0 

1:1:3 

28:75:1 

Bighorn  River 

169 

310 

2.2 

2:1:2 

10:18:1 

Clark's  Fork  River 

80 

111 

0.5 

3:1:1 

24:15:1 

Little  Missouri  River 

228 

641 

4.4 

1:1:2 

8:31:1 

Powder  River/ 
Broadus 

162 

555 

3.1 

3:1:3 

1:5:1 

Powder  River/Locate 

200 

595 

5.3 

2:1:3 

1:5:1 

Rosebud  Creek 

359 

589 

1.4 

1:3:1 

38:40:1 

Shields  River 

188 

189 

0.7 

3:1:1 

19:3:1 

Tongue  fliver/ 
Brandenberg 

146 

222 

0.9 

2:2:1 

37:38:1 

Tongue  River/ 
Miles  City 

177 

241 

1.4 

1:1:1 

39:40:1 

Yellcwstone  River/ 
Livingston 

54 

47 

0.5 

2:1:1 

9:2:1 

Yellowstone  River/ 
Billings 

79 

91 

0.6 

2:1:1 

11:4:1 

Yellcwstone  River/ 
Huntley 

68 

79 

0.5 

2:1:1 

15:6:1 

Yellcwstone  River/ 
Forsyth 

94 

126 

1.0 

2:1:1 

13:12:1 

Yellowstone  River/ 
Sidney 

120 

159 

1.4 

2:1:1 

11:11:1 

Mean 

169 

436 

2.0 

1:1:1 

5:16:1 
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Table  8.    Specific  Conductance  (umhos  @  25C)  —  Northeast  Locp 


Station 

Spring 

Summer 

E^ll 

Mean 

Beaver  Creek/ Hinsdale 

501 

1429 

1837 

1256 

Box  Elder  Creek 

1725 

DRY 

7420 

4572 

Big  Muddy  Creek 

945 

2226 

2675 

1949 

Big  Spring  Creek 

111 

604 

592 

658 

Judith  River/Utica 

955 

380 

645 

660 

Judith  River/Eanvers 

1025 

660 

655 

780 

Judith  River/Winifred 

1643 

866 

954 

1154 

Milk  River/Nashua 

473 

1094 

1457 

1008 

Missouri  River/ 
Winifred 

1452 

503 

643 

866 

Missouri  River/ 
MDbridge 

835 

547 

540 

641 

Missouri  River/ 
Culbertson 

ICE 

806 

816 

811 

Musselshell  River/ 
Harlowton 

902 

883 

970 

918 

Musselshell  River/ 
Bundy 

1621 

1087 

1781 

1496 

Musselshell  River/ 
Delphi  a 

1735 

1254 

1687 

1559 

Musselshell  River/ 

2038 

1784 

2292 

2038 

Pcplar  River 

311 

1039 

2019 

1123 

Redwater  River/ 

^ — ■  L  i-  ^  _L  C 

977 

4652 

4107 

3245 

Redwater  River/ 
Poplar 

1047 

3294 

3084 

2475 

Wolf  Creek/ Stanford 

4t>U 

Mblf  Creek/ Denton 

1941 

2136 

1662 

1913 

Mean 

1128 

1353 

1818 

1440 

Table  9.    Specific  Conductance  (uitihos  @ 


25C)  —  Southeast  Loop 


Station 

Spring 

Summer 

P^ll 

Mean 

Armell's  Creek 

3916 

5076 

DRY 

4496 

Beaver  Creek/Wibaux 

1548 

2444 

2440 

2144 

Bi^iorn  River 

1400 

900 

889 

1063 

Clark's  Fork  River 

1148 

260 

909 

2317 

Little  Missouri  River 

529 

2142 

2367 

1679 

Powder  River/Broadus 

2646 

1693 

2474 

2271 

Powder  River/Locate 

1649 

2262 

2622 

2178 

Rasebud  Creek 

1395 

1261 

1495 

1384 

Shields  River 

561 

429 

496 

495 

Tbngue  River/ 
Brandenberg 

1148 

542 

938 

876 

Tongue  River/ 
Miles  City 

713 

677 

1002 

797 

Yellowstone  River/ 
Livingston 

338 

127 

275 

247 

Yellowstone  River/ 
Billings 

793 

221 

565 

526 

■Lc j.xf^.wvoi.k^iic  r\-L vex. / 

Hvintley 

1  Q7 

Ann 

-L  \^  J- O  \—  V^i.           X\X  vex  / 

Forsyth 

1  1  30 

7'vi 

/  J*x 

7Rn 

Yellowstone  River/ 
Sidney 

1183 

509 

851 

848 

Mean 

1306 

1194 

1245 

1248 

Table  10.    Field  Water  Teitperature  (^c)  —  Northeast  Loop 


Station 

Spring 

Summer 

E^ll 

Mean 

Beaver  Creek/Hinsdale 

0.0 

23.0 

11.0 

11.3 

Box  Elder  Creek 

3.0 

DRif 

12.5 

7.8 

Big  Muddy  Creek 

0.0 

22.0 

11.5 

11.2 

Big  Spring  Creek 

7.5 

19.0 

9.5 

12.0 

Judith  River/Utica 

4.0 

17.0 

12.0 

11.0 

Judith  River/Eanvers 

4.5 

18.0 

11.0 

11.2 

Judith  River/Winifred 

6.5 

25.0 

10.0 

Milk  River/lNfeshua 

4.0 

22.0 

11.0 

12.3 

Missouri  River/ 
Wini  f red 

4.5 

22.0 

10.5 

12.3 

Missouri  River/ 
MDbridge 

3.0 

20.0 

11.5 

11.5 

Missouri  River/ 
Culbertson 

ICE 

17.0 

9.5 

13.2 

Misselshell  River/ 
Harlowton 

10.5 

24.0 

9.0 

14.5 

Musselshell  River/ 
Bundy 

5.0 

19.0 

11.0 

11.7 

Musselshell  River/ 
Delphia 

5.5 

21.0 

12.0 

12.8 

^tlsselshell  River/ 
MDsby 

3.0 

25.0 

13.0 

13.7 

Pcplar  River 

0.0 

19.5 

11.0 

10.2 

Redwater  River/Circle 

0.0 

22.5 

12.0 

11.5 

Redwater  River/ Boplar 

0.0 

23.0 

9.0 

10.7 

Wblf  Creek/Stanford 

6.5 

18.0 

12.0 

12.2 

Wblf  Creek/Denton 

11.5 

19.5 

11.5 

14.2 

Mean 

4.2 

20.9 

11.0 

12.0 
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Table  11.    Field  Vfeter  Teiiperature  (°C)  —  Southeast  Loop 


Station 

Spring 

Suirmer 

f^ll 

Meemi 

Armell's  Creek 

2.5 

23.5 

URf 

13.0 

Beaver  Creek/Wibaux 

1.0 

24.5 

12.0 

12.5 

Bicpx)rn  River 

4.0 

18.0 

15.0 

12.3 

Clark's  Fork  River 

2.5 

17.5 

15.0 

11.7 

Little  Missouri  River 

0.0 

27.0 

9.5 

12.2 

Powder  River/Broadus 

5.0 

24.0 

10.5 

39.5 

Powder  River /Locate 

3.0 

24.0 

.  10.5 

37.5 

Rasebud  Creek 

1.0 

23.5 

10.5 

11.2 

Shields  River 

2.5 

14.0 

13.0 

9.8 

Tongue  River/ 
Brandenberg 

2.0 

26.0 

12.0 

13.3 

Tongue  River/ 
Miles  City 

2.0 

23.0 

10.0 

11.7 

Yellowstone  River/ 
Livingston 

2.0 

17.0 

12.0 

10.3 

Yellowstone  River/ 
Billings 

5.5 

19.0 

17.5 

14.0 

Yellowstone  River/ 
Huntley 

5.0 

19.0 

14.5 

12.8 

Yellowstone  River/ 
Forsyth 

3.5 

19.0 

14.5 

12.3 

Yellowstone  River/ 
Sidney 

2.0 

21.0 

11.5 

11.5 

Mean 

2.7 

21 .2 

12.5 

12.2 
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Table  12.    Field  pH  —  Northeast  Locp 


station 

Spring 

Summer 

Fall 

Mean 

Beaver  Creek/Hinsdale 

7.00 

8.05 

8.20 

7.75 

Box  Elder  Creek 

8.10* 

DKf 

8.43 

8.26 

Big  Muddy  Creek 

7.68* 

8.75 

8.87 

8.43 

Big  Spring  Creek 

8.31* 

8.50 

8.55 

8.45 

Judith  River/Utica 

8.23* 

8.49 

8.23 

8.32 

Judith  River/Danvers 

8.31* 

8.40 

8.68 

8.46 

■'Or 

Judith  River/WLnifred 

8.38* 

8.28 

8.52 

8.39 

Milk  River/Nashua 

7.37* 

8.30 

8.44 

8.04 

Missouri  River/ 
Winifred 

8.37* 

8.67 

8.37 

8.47 

'1.  '■ 

Missouri  River/ 
Mcbridge 

8.10 

8.57 

8.75 

8.47 

''? 

Missouri  River/ 
Culbertson 

ICE 

8.32 

8.49 

8.40 

Musselshell  River/ 
Harlowton 

8.43* 

8.50 

8.49 

8.47 

Musselshell  River/ 
Bundy 

8.10 

8.30 

8.36 

8. 25 

Musselshell  River/ 
Dslphia 

8.20 

8.35 

8.42 

8.32 

Musselshell  River/ 
Mosby 

8.00 

8.37 

8.02 

8.13 

Pcplar  River 

7.54* 

8.55 

8.78 

8.29 

Redwater  River/Circle 

7.80 

8.29 

8.65 

8.25 

Itedwater  River/ Poplar 

7.00 

Q  An 

O.OU 

8  54 

8.05 

Wblf  Creek/Stanford 

8.08* 

8.32 

8.39 

Wolf  Creek/Denton 

8.47 

8.35 

8.44 

8.42 

Mean 

7.97 

8.42 

8.48 

8.29 

*  -  Lab  determination.    Field  measurement  not  made. 
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Table  13.    Field  pH  —  Southeast  Locp 


Station 

Spring 

Summer 

Fall 

Mean 

Armell's  Creek 

7.  /U 

O.  J  / 

nt?v 

Beaver  Creek/Wibaux 

7 .90 

Q  At: 

o.  Z  J 

O  •  \J\J 

Bighorn  River 

o  on 

Q    T  R 
O. 

R  Rft 

ft  ^7 

Clark' s  Pork  River 

/  .  Dl 

~i  on 

R  ■^Q 

7  93 

Little  Missouri  River 

o .  iz> 

7  Q7 

1 .11 

Powder  River /Broadus 

o  • 

R.08 

8.09 

Powder  River/Locate 

8.10 

8.39 

8.38 

8.29 

Rosebud  Creek 

8.40 

8.30 

8.17 

8.29 

Shields  River 

7  on 

8.27 

7.87 

Tongue  River/ 
Brandenberg 

8.10 

8.50 

8.03 

8.21 

Tongue  River/ 
Miles  City 

8.20 

8.40 

8.70 

8.43 

Yellowstone  River/ 
Livingston 

7.92 

8.25 

8.70 

8.29 

Yellowstone  River/ 
rsiiiings 

8.20 

8.20 

8.45 

8.28 

Yellowstone  River/ 
Huntley 

7.80 

8.10 

8.62 

8.17 

Yellowstone  River/ 
Forsyth 

7.90 

8.20 

8.68 

8.26 

Yellowstone  River/ 
Sidney 

8.33* 

8.42 

8.55 

8.43 

Mean 

7.89 

8.27 

8.38 

8.18 

*  -  Lab  determination.    Field  measurement  not  made. 
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Table  14.    Total  Su^erded  Sediment  (mg/l)  —  Northeast  Locp 


scation 

Spring 

Summer 

Fall 

Mean* 

Beaver  Creek/ Hinsdale 

578 

44.5 

14.1 

212 

Box  Elder  Creek 

228 

DRY 

8.6 

118 

Big  Muddy  Creek 

42.2 

93.8 

48.3 

61.4 

Big  Spring  Creek 

44.5 

18.1 

20.0 

27.5 

Judith  River/Utica 

<  5.1 

<  5.5 

<  5.3 

<  5.3 

Judith  River/E&nvers 

237 

60.4 

49.5 

116 

Judith  River/winifred 

>1  o  o 

86.1 

52. 2 

190 

Milk  River/Nashua 

946 

167 

24.6 

379 

Missouri  River/ 
Wini  f red 

390 

52.3 

38.2 

160 

Missouri  River/ 
Mobridge 

355 

62.7 

15.8 

144 

Missouri  River/ 
^ux  ije  jl  T- son 

ICE 

259 

32.3 

146 

Musselshell  River/ 
Har  1  ow"hn  n 

31.6 

8.0 

41.5 

27.0 

Musselshell  River/Bundy 

407 

179 

12.2 

199 

Misselshell  River/ 

515 

166 

14.5 

232 

iMussejLsne J.J.  Kiver/ 
Mosby 

TIC 

/  .y 

z69 

Pcplar  River 

196 

99.3 

105 

133 

Redwater  River/Circle 

51.2 

<  37.6 

25.2 

38.0 

Redwater  River/ Ebplar 

762 

28.4 

16.2 

269 

Wblf  Creek/Stanford 

29.1 

9.5 

20.2 

19.6 

Wblf  Creek/Denton 

39.2 

6.3 

15.4 

20.3 

Mean  * 

314 

78.9 

28.4 

139 

*  Values  reported  as  less  than  "x"  mg/l  used  as  actual  values  in  determination 
of  means. 
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■feble  15.    Ttotal  Suspended  Sediment  (mg/l)  —  Southeast  locp 


Station 

Spring 

Summer 

J7C1XJ. 

Armell's  Creek 

7.8 

<  5.8 

DRY 

<  6.8 

Beaver  Creek/Wibaux 

54.5 

27.7 

3.3 

28.5 

Bi^Torn  River 

255 

94.7 

10.3 

120 

Clark's  Fork  River 

630 

958 

30.2 

539 

Little  Missouri  River 

376 

42.9 

17.5 

145 

Fbwder  River/Broadus 

8260 

893 

68.6 

3074 

Povgder  River/Locate 

3220 

741 

45.6 

1335 

RDsebud  Creek 

305 

ZD  3 

1  Q  Q 
XO.O 

Shields  River 

57.4 

48.4 

7.7 

37.8 

Ibngue  River/ 
Brand  enbegrg 

310 

64.7 

5.4 

127 

Tongue  River/ 
Miles  City- 

1000 

50.1 

<  5.7 

<  352 

Yellowstone  RLver/ 
Livingston 

6.3 

21.4 

7.0 

11.6 

Yellowstone  River/ 
Billings 

148 

68.9 

12.3 

76.4 

Yellowstone  River/ 
Huntley 

151 

44.8 

11.4 

69.1 

Yellowstone  River/ 
Fbrsyth 

493 

73.8 

13.4 

193 

Yellowstone  River/ 
Sidney 

494 

78.3 

18.8 

197 

Mean  * 

986 

217 

18.4 

415 

*  Values  reported  as  less  than  "x"  mg/l  used  as  actual  values  in  determination 
of  means. 
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Table  16.    Laboratory  Turbidity  (MTU)  —  Northeast  Loop 


Station 

Spring 

■L  CX.JL  J- 

Beaver  Creek/ Hinsdale 

355 

24.0 

8.2 

129 

Box  Elder  Creek 

79.0 

DRiT 

2.5 

40.8 

Big  Muddy  Creek 

63.0 

37.2 

23.0 

41.1 

Big  Spring  Creek 

18.5 

3.3 

4.4 

8.7 

Judith  River/Utica 

0.7 

0.7 

0.3 

0.6 

Judith  River /Can vers 

79.0 

11.5 

11.0 

33.8 

Judith  River/Winifred 

105 

24.0 

13.5 

47.5 

Milk  River/Nashua 

510 

62. 

7.6 

193 

Missouri  River/Winifred 

140 

16.0 

11.5 

55.8 

Missouri  River/MDbridge 

90.0 

21.0 

3.7 

38.2 

Missouri  River/ 
Culbertson 

ICE 

98. 

13.5 

55.8 

Musselshell  River/ 
Harlowton 

2.7 

2.4 

5.1 

3.4 

Musselshell  River/ 
Bundy 

150 

62.0 

5.0 

72.3 

Musselshell  River/ 
Delphi a 

215 

59.0 

5.9 

93.3 

Musselshell  River/ 
MDsty 

260 

54.0 

3.4 

106 

Pcplar  River 

160 

58.0 

28.0 

82.0 

Redwater  River/Circle 

57.0 

16.0 

9.6 

27.5 

i\eawauer  Kiver/  rcp-Lar 

400 

8.0 

5.2 

138 

Vfolf  Creek/Stanford 

15.2 

5.3 

7.8 

9.4 

WDlf  Creek/Denton 

13.0 

1.5 

6.5 

7.0 

Mean 

143 

29.7 

8.8 

59.5 
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l^ble  17.    Laboratory  Turbidity  (OTU)  —  Southeast  Loop 


1 

station 

Spring 

Summer 

F^l 

Mean 

Armell's  Creek 

6.5 

0.9 

DKi 

■J  "7 
J.  / 

Beaver  Creek/Wibaux 

30.0 

4.4 

2.6 

Iz  .  J 

Bi^orn  River 

105 

14.  D 

J.  / 

A1  1 

*tx .  X 

Clark's  Fork  River 

335 

390 

y.4 

Little  Missouri  River 

340 

14.0 

iU.  Z 

101  A 

B3wder  River/Broadus 

3250 

435 

JD.  U 

xztu 

Powder  River /Locate 

4200 

376 

23.0 

1533 

Rosebud  Creek 

145 

132 

9.8 

95.6 

Shields  River 

^  J.  U 

XX.  D 

9  4 

12.3 

Ibngue  River/ 
Brandenberg 

94.0 

24.0 

3.6 

40.5 

Tongue  River/ 
Miles  City 

500 

24.0 

1.7 

175 

Yellowstone  River/ 
Livingston 

3.0 

2.7 

1.8 

2.5 

Yellowstone  River/ 
Billings 

62.0 

16.5 

4.6 

27.7 

Yellowstone  River/ 
Huntley 

58.0 

8.4 

4.2 

23.5 

Yellowstone  River/ 
Rjrsyth 

190 

18.0 

3.4 

70.5 

Yellowstone  River/ 
Sidney 

240 

33.0 

6.5 

93.2 

Mean 

599 

94.0 

8.2 

238 
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ALGAL  NUTRIENTS 


rationale 

Nitrogren  and  phosphorus  are  the  two  elements  most  commonly  limiting  algal 
growth  in  lakes  and  streams.    Phosphorus  is  usually  limiting  in  lakes  because 
*  mary  coiranon  lake  algae  can  use  atomspheric  nitrogen.    These  nitrogen-fixing 

algae  are  not  common  in  streams,  therefore  nitrogen  is  more  often  a  limiting 
nutrient  in  flowing  water.    Qily  the  soluble  inorganic  forms  of  these  two 
nutrients  —  nitrate,  nitrite  and  ammonia  nitrogen  and  orthophosphate  —  are 
readily  available  for  plant  uptake.    The  sum  of  the  soluble  inorganic  nitrogen 
fractions  is  called  total  soluble  inorganic  nitrogen  or  TSIN. 

Some  indication  of  whether  nitrogen  or  phosphorus  is  growth  limiting  may 
be  obtained  by  determining  the  weight  ratio  of  the  apprcporiate  forms  of 
nitrogen  and  pho^horus  found  in  a  river,  and  ccanparing  that  with  the 
stoichiometric  ratio  required  for  growth  (Zison  et  al^. ,  1977).  Specifically, 
let 

_  _  [TSIN] 
^  -  CPO4-  P] 

where  [TSIN]  equals  the  concentration  of  total  soluble  inorganic  nitrogen  as  N 
in  mg/1  and  [PO4  -  P]  equals  the  concentration  of  phosphate  as  P  in  mg/l. 
■  If  R  is  greater  than  10,  pho^horus  is  more  likely  limiting  than  nitrogen.  If 
R  is  less  than  5,  nitrogen  is  more  likely  limiting  than  phosphorus.    If  R  is 
less  than  10  but  greater  than  5,  it's  a  tossi^j  as  to  which  one  is  limiting. 

V  Nuisance  growths  of  aquatic  plants  in  streams  usually  can  be  avoided  if 

total  pho^horus  is  kept  below  0.05  mg/1  (Nfeckenthun,  1969)  and  if  TSIN 
remains  less  than  0.35  mg/l  (Miller,  1953).    The  total  phosphorus  criterion  is 
particularly  applicable  if  the  stream  enters  a  standing  body  of  water,  which 
is  eventually  true  of  many  streams  in  eastern  Montana.    When  instream  total 
phosphorus  and  TSIN  values  are  conputed  as  percentages  of  these  critical 
levels,  nuisance  growths  can  be  expected  where  both  total  phosphorus  and  TSIN 
are  significantly  greater  than  100  percent,  other  factors  being  amenable  to 
algae  growth. 

Ammonia  is  coirjxssed  of  two  fractions,  ionized  (NH;J)  and  un-ionized 
(NH3).    In  addition  to  being  an  algal  nutrient,  the  un-ionized  fraction  is 
acutely  toxic  to  certain  aquatic  organisms  at  relatively  low  concentraticxis. 
Che  criterion  for  protection  of  freshwater  aquatic  life  is  0.016  mg/l  NH3  as 
N  (Thurston  et  al,  1979) .    The  fraction  of  un-ionized  ammonia  in  the  total 
ammonia  complement  increases  with  temperature  and  pH. 

Mjnicipal,  industrial  and  agricultural  wastes  are  the  principal  sources  of 
excess  ammonia  and  otiier  algal  nutrients  in  surface  waters. 

Msthods 

Unf iltered  grab  sanples  were  collected  in  one-liter  plastic  bottles,  each 
preserved  with  4  ml  of  1+1  H2SO4  and  transported  under  ice  back  to  the 
laboratory.    Analytical  procedures  followed  the  American  Public  Health 

Association  (1971;  1975)  or  the  U.S.  Ehvironmental  Protection  Agency  (1974). 
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Hiosphate  phosphorus  was  measured  by  the  autcanated  ascorbic  acid  method. 
Total  E^o^horus  also  was  determined  ty  the  automated  ascorbic  acid  method 
following  persulfate  digestion.    Nitrate  plus  nitrite  nitrogen  was  measured  ty 
the  autonated  cadmium  reduction  method.    Tbtal  Kjeldahl  nitrogen  was 
determined  ty  the  automated  phenolate  procedure  following  manual  digestion. 
Ibtal  ammonia  was  measured  ty  the  automated  phenolate  method.  Un-ionized 
ammonia  was  calculated  on  the  basis  of  stream  temperature,  pH,  and  total 
ammonia  results. 

Results 

Measured  algal  nutrient  levels  for  the  1979  sampling  season  are  listed  in 
i^pendixes  B  through  K.    TSIN:P04-P  ratios  are  presented  in  l^bles  18  ard 
19.    Tables  20  through  23  give  instream  TSIN  and  total  phosphorus  values  as 
percentages  of  maximum  recommended  instream  concentrations.  Un-ionized 
ammonia-nitrogen  concentrations  are  presented  in  Tables  24  and  25. 

Interpretations 

As  with  streams  in  western  Montana  (Bahls  et  al. ,  1979) ,  nutrient  ratios 
were  variable  from  season  to  season.    Although  generally  both  nitrogen  and 
pho^horus  concentrations  decreased  over  the  summer  months,  the  drop  in 
nitrogen  was  less  than  the  drop  in  phosphorus  relative  to  their  initial  spring 
values.    Consequently,  most  waters  tended  to  beccnie  more  phosphorus  limited, 
i.e.,  have  higher  N:P  ratios,  toward  autumn. 

Based  on  nutrient  ratios  calculated  from  data  averaged  over  all  three 
seasons,  just  four  streams — the  Judith  River,  Armell's,  Big  Spring  and  Wblf 
Creeks — were  clearly  phosphorus  limited.    Moreover,  these  were  the  only  four 
streams  that  were  phosphorus  limited  during  the  critical  summer  algae  growing 
season.     (Several  additional  streams  were  phosphorus  limited  in  the  fall 
only. )    The  remaining  streams  all  tended  to  be  nitrogen  limited  on  the  average. 

Several  stations  had  mean  values  for  both  nitrogen  and  phosphorus  in 
excess  of  recommended  instream  concentraticns.      These  were  Big  Spring  Creek, 
Judith  River  at  Canvers  and  Winifred,  Missouri  River  at  Winifred,  Armell's 
Creek,  Clark's  Fork  River,  and  the  Yellowstcxie  River  at  Billings,    ^feny  other 
stations  had  excess  levels  of  both  nutrients  at  certain  times  of  the  year, 
particulcirly  in  spring.    Even  though  nutrient  criteria  are  commonly  exceeded 
in  eastern  Montana's  prairie  streams,  nuisance  algae  growths  are  uncommon 
because  of  the  typically  turbid  waters  and  unstable  bottoms.    However,  algae 
blooms  can  be  expected  where  these  waters  are  iirpounded  and  their 
light -blocking  sediments  are  permitted  to  settle. 

Only  the  Yellowstone  River  at  Billings  recorded  an  un-ionized  ammonia 
level  in  excess  of  the  criterion  to  protect  freshwater  aquatic  life.  Since 
this  station  is  above  the  outfall  from  the  Billings  wastewater  treatment 
plant,  the  most  probable  source  of  elevated  ammonia  in  the  river  at  this  point 
is  the  Yegen  Drain,  which  enters  only  a  short  distance  upstream.    According  to 
data  in  the  files  of  the  W&ter  Quality  Bureau,  the  Yegen  Drain  typically 
discharges  from  20  to  30  cubic  feet  per  second  of  water  containing  up  to  6.7 
mg/1  of  total  ammonia  as  N. 


Tcible  18.    Ifetio  of  total  soluble  inorganic  nitrogen  (NOo4M)3-N  plus 

to  phosphate  phosphorus  (PO4  as  mg/l  P)  — 
Northeast  Locp 


i5L.at.ion 

Spring 

Summer 

rail 

Mean* 

Beaver  Creek/Hinsdale 

1:2 

<  1:3 

2:1 

1:2 

Box  Elder  Creek 

1:1 

DR{ 

8:1 

1:1 

big  Muddy  creek 

2:1 

1:2 

1:1 

2:1 

Big  Spring  Creek 

16:1 

10:1 

243:1 

19:1 

Judith  River/Utica 

>  50:1 

20:1 

>80:1 

150:1 

Judith  River/Danvers 

8:1 

31:1 

90:1 

18:1 

Judith  River/Winifred 

5:1 

12:1 

190:1 

9:1 

Milk  River/Nashua 

1:1 

<  1:4 

<  1:1 

1:2 

Missouri  River/ 
Winifred 

6:1 

<  1:2 

12:1 

6:1 

Missouri  River/ 
Mbbridge 

2:1 

<  1:2 

<  3:1 

1:1 

Missouri  River/ 
Culbertson 

ICE 

1:1 

6:1 

2:1 

Musselshell  River/ 

<  1:1 

<  3:1 

>  20:1 

1:1 

riussexsne-Lj.  Kiver/ 
Bundy 

1:1 

1:1 

10:1 

1:1 

Musselshell  RLver/ 
Delphia 

1:1 

<  1:2 

>  10:1 

1:1 

Musselshell  River/ 
Mosty 

1:2 

<1:2 

3:1 

1:2 

Pc:plar  River 

2:1 

1:3 

<  4:1 

1:1 

Redwater  River/Circle 

6:1 

1:1 

<  4:1 

5:1 

Redwater  River/ Itplar 

2:1 

<2:1 

** 

1:1 

Wolf  Greek/Stanford 

27:1 

22:1 

78:1 

40:1 

Wblf  Creek/Denton 

105:1 

4930:1 

150:1 

299:1 

Mean  * 

3:1 

11:1 

31:1 

5:1 

♦Assumes  concentrations  less  than  0.01  mg/l  TSIN  arxi  0.001  mg/l  phosphate 
phosphorus  equal  zero. 

♦'^t  determinable  due  to  non-detectable  TSIN  and  phosphate  phoi^horus 


Table  19.    tetio  of  total  soluble  inorganic  nitrogen  (NO9+NO3-N  plus 
NHj+tH3-N)  to  phoi^hate  phosphorus  (PO4  as  mg/l  P)  — 
Southeast  Locp 


Station 

Spring 

F^ll 

Mean* 

Armell's  Creek 

20:1 

6:1 

DRY 

18:1 

Beaver  Creek/Wibaux 

6:1 

<3:1 

** 

6:1 

Bighorn  River 

2:1 

5:1 

80:1 

4:1 

Clark's  Fork  River 

2:1 

1:2 

166:1 

2:1 

Little  Missouri  River 

1:1 

<  1:1 

2:1 

1:1 

Powder  River /Broadus 

1:4 

1:1 

<  1:1 

1:3 

Powder  River/Locate 

1:4 

1:3 

2:1 

1:4 

Rosebud  Creek 

3:1 

1:1 

2:1 

2:1 

Shields  River 

5:1 

6:1 

>  270:1 

6:1 

Tongue  River/ 
Brandenberg 

2:1 

<=1:1 

<  4:1 

2:1 

Tongue  River/ 
Miles  City 

1:2 

1:1 

>80:1 

1:1 

Yellowstone  River/ 
Livingston 

9:1 

1:1 

25:1 

5:1 

Yellowstone  River/ 
Billings 

7:1 

1:1 

43:1 

6:1 

Yellowstone  River/ 
Huntley 

0  Zl. 

XmJ. 

4:1 

Yellowstone  River/ 
Forsyth 

2:1 

3:1 

4:1 

2:1 

Yellcwstone  River/ 
Sidney 

1:1 

1:5 

6:1 

1:1 

Mean  * 

1:1 

1:1 

18:1 

1:1 

♦Assumes  corxrentrations  less  than  0.01  mg/l  TSIN  and  0.001  mg/l  phosphate 
phosphorus  equal  zero. 

*^t  determinable  due  to  non-detectable  TSIN  and  phosphate  pho^horus 
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T^ble  20.    Total  soluble  inorganic  nitrogen  (N02-H!J03-N  plus  NHJ+NH3-N) 
as  a  percentage  of  the  reccsnmended  maximum  instream  level 
(0.35"mg/l)  —  Northeast  Loop 


Station 

Spring 

Summer 

Fall 

Mean* 

Beaver  Creek/ Hinsdale 

37 

<6 

6 

14 

Box  Elder  Creek 

37 

DRy 

11 

24 

Big  Maddy  Creek 

94 

8 

8 

37 

Big  Spring  Creek 

260 

169 

209 

212 

Judith  RLver/Utica 

14 

6 

23 

14 

uuQXL.n  j\i vGi  /  ijQii vet  s 

OOKj 

Judith  River /Winifred 

414 

174 

271 

287 

Milk  River/tfeshua 

74 

<6 

<  6 

25 

pu  ssouri  Kx ver/ 
Wini  f red 

AT  1 
'iX  J. 

D 

1 1 

Ml ssouri  Ki ver/ 
Mcbridge 

^  0 

Missouri  River/ 
Culbertson 

ICE 

46 

49 

47 

Musselshell  River/ 
Harlowton 

<  6 

<6 

6 

2 

Musselshell  River/Bundy 

103 

<6 

3 

35 

Musselshell  River/ 
Delphia 

103 

<6 

3 

35 

Musselshell  River/ 
Mosby 

Q'3 
Oj 

•a 

Pcplar  River 

74 

3 

<6 

26 

Redwater  River/Circle 

128 

3 

<6 

44 

Redwater  River/ Etoplar 

146 

<6 

<6 

48 

Vfolf  Creek/Stanford 

46 

37 

111 

65 

Wblf  Creek/Denton 

600 

1409 

214 

741 

Mean  * 

165 

in 

73 

116 

*Assumes  ccxTcentrations  less  than  0.01  mg/l  equal  zero 


Table  21.    Total  soluble  inorganic  nitrogen  (N02+N03^  plus  NHJ+NHo-n) 
as  aj>ercentage  of  the  recommended  maximum  instream  level 
(0.35  mg/1)  —  Southeast  Locp 


t*  "i  on 

oummer 

ra_Li 

Mean* 

Armell's  Creek 

268 

14 

DR!f 

141 

Beaver  Creek 

211 

<  6 

<6 

70 

Bi^orn  River 

97 

51 

46 

65 

Clark's  Fork  River 

163 

68 

237 

156 

Little  Missouri  River 

63 

<  6 

3 

22 

Powder  River/Broadus 

177 

94 

<6 

90 

Powder  River/Locate 

128 

31 

6 

55 

RDsebud  Creek 

154 

26 

6 

62 

Shields  River 

128 

91 

77 

99 

Tongue  River/ 
Brandenberg 

97 

<6 

<6 

32 

Tongue  River/ 
Miles  City 

68 

6 

23 

32 

Yellowstone  River/ 
Livingston 

51 

8 

14 

25 

Yellowstone  River/ 
Billings 

191 

46 

160 

132 

Yellowstone  River/ 
Hunt lev 

160 

20 

63 

81 

Yellowstone  River/ 
Forsyth 

137 

71 

31 

80 

Yellowstone  River/ 
Sidney 

80 

3 

17 

33 

Mean  * 

_ 

136 

33 

45 

72 

♦Assumes  concentraticns  less  than  0.01  mg/1  equal  zero 
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Table  22.    Ibtal  phosphorus  as  a  percentage  of  the  recrairanended  maximum  instream 
level  (0.05  mg/l)  —  Northeast  Loop 


Station 

Spring 

Summer 

Fall 

Mean* 

Beaver  Creek/Hinsdale 

940 

260 

40 

413 

Box  Elder  Creek 

420 

DRY 

40 

230 

Big  Muddy  Creek 

540 

360 

280 

393 

Big  Spring  Creek 

220 

180 

80 

160 

Judith  River/Utica 

20 

<20 

<20 

<=20 

Judith  River/Danvers 

440 

120 

60 

207 

Judith  Ri ver/Wini f red 

700 

160 

40 

300 

Milk  River /Nashua 

1280 

340 

120 

DCSU 

Missouri  River/ 
Winifred 

600 

120 

80 

267 

Missouri  River/ 
Mabridge 

560 

140 

20 

240 

Missouri  River/ 
Culbertson 

ICE 

320 

40 

180 

Musselshell  River/ 
Harlowton 

80 

60 

<20 

47 

Musselshell  River/ 
Bundy 

620 

340 

<20 

320 

Misselshell  River/ 
Delphi  a 

760 

300 

<20 

353 

Musselshell  River/Masty 

1020 

180 

<20 

400 

Poplar  River 

640 

240 

-=20 

293 

Rf»dwat«^  River /circle 

260 

80 

20 

120 

Redwa t  er  Ri  ve  r/  Popl  ar 

Vtolf  Creek/Stanford 

60 

40 

40 

47 

Wblf  Creek/Denton 

120 

80 

40 

80 

Mean  * 

536 

184 

45 

253 

♦Assumes  concentrations  less  than  0.01  mg/l  equal  zero 
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Table  23.    Ibtal  phosphorus  as  a  percentage  of  the  recxDimnended  maximum 
instream  level  (0.05  mg/l)  —  Southeast  Loop 


Station 

Spring 

Summer 

Fall 

Mean 

Armell's  Creek 

140 

80 

DRY 

110 

Beaver  Creek/Wibaux 

340 

80 

20 

147 

Bighorn  River 

400 

120 

20 

180 

Clark's  Fork  River 

700 

1360 

40 

700 

Little  Missouri  River 

800 

120 

40 

320 

Povgder  River/Broadus 

7400 

1200 

80 

2893 

Powder  River /Locate 

5200 

980 

40 

2073 

Rosebud  Creek 

500 

400 

40 

313 

Shields  River 

260 

140 

<20 

133 

Tongue  River/ 
Brandenberg 

500 

140 

<20 

213 

Tongue  River/ 
Miles  City 

1160 

100 

<20 

420 

Yellowstone  River/ 
Livingston 

60 

80 

20 

53 

Yellowstone  River/ 
Billings 

280 

340 

60 

227 

Yellowstone  River/ 
Huntley 

340 

140 

60 

180 

Yellowstone  River/ 
Forsyth 

700 

200 

60 

320 

Yellowstcaie  River/ 
Sidney 

760 

180 

40 

327 

Mean  * 

1221 

354 

35  ' 

547 

♦Assumes  concentrations  less  than  0.01  rag/1  equal  zero 


Table    24.    Un-ionized  Animonia  (NH3  as  N  in  mg/l)  —  Northeast  Loop 


Station 

Spring 

Summer 

Fall 

Mean 

Beaver  Creek/ Hinsdale 

<  0.01 

<  0.01 

<  0.01 

<  0.01 

Box  Elder  Creek 

<  0.01 

DRSf 

<  0.01 

0.01 

Big  Muddy  Creek 

"=  0.01 

<  0.01 

<0.01 

<  0.01 

Big  Spring  Creek 

0.01 

<  0.01 

<0.01 

-=  0.01 

Judith  River/Utica 

<  0.01 

<  0.01 

<0.01 

•=0.01 

Judith  River/Danvers 

<  0.01 

<  0.01 

<0.01 

<0.01 

Judith  River/Wini f red 

<  0.01 

<  0.01 

<0.01 

<=0.01 

Milk  River/Nashua 

<  0.01 

<  0.01 

<0.01 

<0.01 

Missouri  River/ 
Winifred 

<  0.01 

<  0.01 

<:0.01 

<0.01 

Missouri  River/ 
Mobridge 

<  0.01 

<  0.01 

<0.01 

<0.01 

Missouri  River/ 
Culbertson 

ICE 

<  0.01 

<0.01 

<0.01 

Musselshell  River/ 
Harlowton 

<  0.01 

<  0.01 

<0.01 

<0.01 

Musselshell  River/ 
Bundy 

<  0.01 

<0.01 

<0.01 

<0.01 

Musselshell  River/ 
Delphi  a 

<  0.01 

<0.01 

<0.01 

<=0.01 

Musselshell  River/ 
MDsby 

<0.01 

"=0.01 

<0.01 

<0.01 

Pcplar  River 

<0.01 

<=0.01 

<0.01 

<0.01 

Redwater  River/Circle 

<0.01 

<0.01 

<0.01 

<0.01 

Redwater  River/Rjplar 

<0.01 

<0.01 

<0.01 

<0.01 

Wblf  Creek/Stanford 

<0.01 

<0.01 

<0.01 

<0.01 

Wblf  Creek/Dentcai 

<0.01 

<0.01 

«=0.01 

-=0.01 

Mean 

<=0.01 

<0.01 

<0.01 

- 

<0.01 
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ALGAL  ASSAY 


Ifetionale 

The  algal  assay  is  based  on  Liebig's  law  of  the  minimum,  which  states  that 
"growth  is  limited  ty  the  substance  that  is  present  in  minimal  quantity  with 
re^ject  to  the  needs  of  the  organism"  (U.S.E.P.A. ,  1971).    Algal  assays  are 
used  in  the  biological  monitoring  program  for  the  following  purposes:    1)  to 
determine  the  algae  growing  potential  of  stream  water  and    2)  to  determine  the 
algae  growing  potential  of  stream  water  after  introducing  nutrients  that  would 
be  present  in  a  municipal  wastewater  discharge. . 

Nfethods 

Algal  assays  were  conducted  following  "bottle  test"  procedures  publislied 
by  the  U.S.  Eiivirorunental  Protection  Agency  (Miller  et_  al . ,  1978).  The 
unicellular  green  alga  Selenastmmt  oapriaomutum  Printz  was  used  as  the  test 
alga.    Combined  nutrient  spikes  consisted  of  0.10  mg/l  P  plus  1.00  mg/l  N. 
Three  replicates  were  run  on  eac±i  treatment,  i.e.,  ccntrol  and  combined 
nutrient  spike.    Maximum  standing  crop  was  measured  and  reported  in  terms  of 
mg/l  dry  wei^t,  averaged  over  tlie  three  replicates.    Theoretical  maximum 
standing  crop  (1MSC)  was  determined  by  multiplying  measured  ortho-P  and  TSIN 
values  by  the  approporiate  production  coefficient  (430  and  38,  respectively) 
and  by  taking  the  lesser  of  the  two  resulting  values.    Statistical  reliability 
of  mean  maximum  standing  crop  (MMSC)  as  compared  to  theoretical  maximum 
standing  crop  (TMSC)  was  determined  from  coefficient  of  variance  criteria 
presented  by  Miller  et  al.     (1978) : 

+  50%  for  TMSC  <=  1.00  mg/l 
+  30%  for  'IMSO^.l.OO  but<3.00  mg/l 
+  20%  for  'IMSC>3.00  but<10.00  mg/l 
+  10%  for  mSC  >10.00  mg/l 

Low  I^SC  values  that  are  significantly  different  could  be  due  to:  1) 
micronutrients  limiting;  2)  something  toxic  or  inhibitory  in  the  water  sample; 
and/or  3)  nutrients  incorrectly  overestimated.    High  values  that  are 
significantly  different  could  be  the  result  of  incorrectly  underestimating 
nutrients  available  to  the  algae. 

Results 

Algal  assay  results  for  summer  1979  are  presented  in  Tables  26  and  27. 
Interpretation 

To  prepare  water  for  algal  assay  analysis,  sanples  were  filtered  through  a 
0.45  micrometer  mesh  membrane  filter.     In  most  cases,  filtration  reduced 
pho^hate  concentrations  in  the  control  water  to  less  than  the  the  detection 
limit,  indicating  that  most  of  the  phosphate  in  eastern  Montana  waters  is 
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associated  with  the  particiilate  fraction.    This  also  helps  to  explain  wYe/ 
observed  standing  crops  were  consistently  Icwer  than  theoretical  standing 
crops;  at  most  stations  the  latter  were  based  on  the  detection  limit  for 
either  phosphate  or  TSIN  rather  than  on  the  actual  value,  which  may  have  been 
significantly  lower  than  the  detection  limit. 

Standing  crops  in  samples  spiked  with  a  combination  of  algal  nutrients 
also  were  consistently  lower  than  theoretical  standing  crops.    The  most 
plausible  explanation  for  this  feature  is  growth  limitation  by  a  shortage  of 
micronutrients  like  iron  or  manganese,  which,  like  jJiosphate,  may  be 
associated  largely  with  the  particulate  fraction.    Nutrients  associated  with 
the  particulate  fraction  ultimately  may  be  used  by  periphytcn  plants,  but  they 
will  be  much  less  readily  available  than  dissolved  nutrients. 

The  average  control  standing  crop  for  all  Northeast  Loop  stations  (1.07 
mg/1)  was  on  a  par  with  values  for  the  Nbrthcentral  Loop  (0.92  mg/l)  and  the 
Northwest  loop  (0.99  mg/l)  but  significantly  lower  than  the  average  value  for 
the  Southwest  Loop  (4.24  mg/l).    Ihe  average  value  for  the  Southeast  Ixxjp 
stations  (0.14  mg/l)  was  significantly  lower  than  average  values  for  all  other 
locps. 
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Table  26.    Algal  Assay  Results,  Summer  1979  —  Northeast  Loop 


Control 

Nutrient  St 

3ike 

Station 

Mean  Maxi- 
mum Stand- 

(mg/l) 

rmi  "Ft  — 
cantly 
Eif  ferent 
from 
TMSC? 

Mean  Maxi- 
mum Stand- 

(mg/l) 

Signi  f i— 

cantly 

Different 

from 

TMSC? 

Beaver  Creek/Hinsdale 

0.02 

yes -low 

0.26 

yes-low 

*Box  Elder  Creek 

9.66 

yes-high 

31.00 

yes-low 

Big  Maddy  Creek 

0.09 

yes-low 

16.92 

yes-low 

Big  Spring  Creek 

9.02 

yes-low 

24.94 

yes-low 

Judith  River/Utica 

0.29 

yes-low 

15.50 

yes-low 

Judith  River/Danvers 

0.07 

yes-low 

22.84 

yes-low 

Judith  River/Winifred 

0.22 

yes-low 

22.16 

yes-low 

Milk  River/Nashua 

0.11 

yes-low 

17.49 

yes-low 

Missouri  River/Winifred 

O.UO 

yes-low 

19.38 

yes-low 

Missouri  River/Mobridge 

0.09 

yes-lcw 

19.17 

yes-low 

Missouri  River/ 
Culbertson 

0.09 

yes-low 

22.38 

yes-low 

Musselshell  River/ 
Harlowton 

0.31 

yes-low 

10.91 

yes-low 

Musselshell  River/Bundy 

0.20 

yes-low 

6.00 

yes-low 

Musselshell  River/ 
Delphi  a 

0.37 

yes-low 

19.20 

yes-low 

Musselshsll  River/ 
MDsby 

0.13 

yes-low 

7.90 

yes— low 

rxjpi.  ar  ts±  ver 

0.11 

yes-low 

yes  J.CW 

Redwater  River/Circle 

0.05 

no 

0.15 

yes-low 

Redwater  River/ Eteplar 

0.13 

no 

2.64 

yes-low 

Wblf  Creek/Stanford 

0.01 

yes-low 

18.90 

yes-low 

VJblf  Creek/Denton 

0.35 

yes-low 

23.87 

yes-low 

Mean 

1.07 

16.13 

*St(ring  sanple,  no  flow  at 

site  on  summer 

visit 
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T^ble  27.    Algal  Assay  Results,  Summer  1979  —  Southeast  Loop 


control 

Nutrient  S 

oike 

Station 

Mean  Maxi- 
mum Stand- 
ing Crop 
(mg/1) 

Signifi- 
cantly 
Different 
from 

msz? 

Mean  Maxi- 
mum Stand- 
ing Crop 
(mg/l) 

Signifi- 
cantly 
Different 
from 
1M3C? 

Armell's  Creek 

0.14 

no 

yes— low 

Beaver  Creek/Wibaux 

0.27 

yes-high 

10.  U4 

yes— low 

Bighorn  River 

0.24 

yes-high 

24.19 

yes -low 

Clark's  Fork  Pliver 

0.08 

yes-low 

21.69 

yes— low 

Little  Missouri  River 

0.15 

yes -low 

19.01 

yes-low 

Powder  River/Broadus 

0.10 

yes-lcw 

* 

* 

Powder  River /Locate 

0.10 

yes-low 

21.62 

yes-low 

Rosebud  Creek 

0.09 

yes-low 

26.13 

yes-low 

Shields  River 

0.11 

yes-low 

11.84 

yes -low 

Tongue  River/ 
Brandenberg 

0.10 

yes-low 

23.17 

yes-low 

Tongue  River/ 
Miles  City 

0.10 

yes-low 

19.34 

yes-low 

Yellowstone  River/ 
Livingston 

0.18 

yes-low 

19.70 

yes-low 

Yellowstone  River/ 
Billings 

0.11 

yes-low 

20.37 

yes-low 

Yellowstone  River/ 
Huntley 

0.23 

yes-high 

15.79 

yes-low 

Yellowstone  River/ 
Forsyth 

0.08 

yes-low 

23.26 

yes-low 

Yellowstone  River/ 
Sidney 

0.08 

yes-low 

2.80 

yes-low 

Mean 

0.14 

18.36 

♦Insufficient  sample 
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PEEIPHYTCN  PFDDUCriCN 


I^tionale 

Periphyton  is  the  coiratiianity  of  plants  and  animals,  most  of  them 
microscopic,  living  attached  to  or  in  close  proximity  of  the  stream  bottom. 
In  terms  of  primary  production — converting  solar  energy  to  plant  biomass — it 
is  the  most  important  community  in  the  majority  of  Mantana  streams. 

Nfeasurirg  the  growth  of  periphyton  organisms  on  artificial  substrates 
placed  in  a  stream  is  one  method  of  estimating  the  productive  potential  of  the 
stream.    The  two  parameters  most  ccmmonly  measured  are  chlorophyll  a  (the  most 
significant  photosynthetic  pigment)  and  ash-free  weight  or  bicmass. 
Measurements  of  these  parameters  have  been  made  on  a  great  variety  of  surface 
waters  worldwide  and  in  Montana.    Chlorophyll  accrual  rates  in  some  Montana 
streams  have  been  summarized  by  Klarich  (1976).    An  assessment  of  a  stream's 
trophic  status  can  be  made  by  comparing  its  rate  of  accrual  to  rates  in  other 
waters  known  to  be  oligotrophic,  mesotrophic  or  eutrophic. 

The  autotrophic  index  (AI)  is  the  ratio  of  bionass  to  chlorophyll  a. 
Chlorophyll  a  usually  contributes  from  1  to  2  percent  of  algal  dry  weight, 
resulting  in  AI  values  of  50  to  100  in  pure  algal  cultures.    As  a  stream  is 
enriched  with  organic  compounds  the  proportion  of  consuming,  non-chlorophyll 
bearing  organisms  increases  and  the  fraction  of  autotrophic,  chlorophyll 
bearing  organisms  (algae)  decreases.    Unpolluted  stream  AI  values  normally 
range  from  50  to  200.    Much  larger  AI  values  indicate  poor  water  quality 
(A.P.H.A. ,  1975) . 

The  aitount  of  phecphytin  a  in  a  periphyton  sample  relative  to  the  amount 
of  chlorophyll  a  is  an  indicator  of  the  physiological  condition  of  the  algae. 
Riecphytin  a  is  derived  from  chlorophyll  a  upon  breakdown  and  loss  of 
magnesium  ion.    A::idif ication    in  the  laboratory  has  the  same  effect. 
Acidification  of  a  solution  of  pure  chlorophyll  a  results  in  a  40  percent 
reduction  in  optical  density,  yielding  a  before/after  acidification  ratio  of 
about  1.7.    Field  samples  with  a  ratio  of  1.7  are  considered  to  contain  little 
if  any  pheophytin  a  and  to  be  in  excellent  physiological  condition.  Solutions 
of  pure  phecphytin~~sbDW  no  reduction  in  optical  density  upon  acidification  and 
have  a  before/after  ratio  of  1.0.    Thus,  mixtures  of  chlorophyll  a  and 
phecphytin  a  have  optical  density  ratios  ranging  from  1.0  to  1.7  Ta.P.H.A.  , 
1975) . 

The  ratio  of  yellow  pigment  (carotene)  to  green  pigment  (chlorophyll)  in  a 
sample  of  mixed  algae  can  be  used  as  an  index  of  community  stability  and 
productivity  (Margalef,  1969).    In  young,  vigorously  growing  algal  communities 
the  green  photosynthetic  pigment  dhloropohyll  a  predominates  and  the  yellow  to 
green  optical  density  ratio  is  low,  usually  about  2.    As  the  community  ages 
and  beccanes  more  diversified,  yellow  pigments  predominate  and  the  yellow  to 
green  ratio  increases  to  3  or  greater  (Odum,  1963) . 
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Methods 


Artificial  substrates  (glass  microsccpe  slides)  were  used  to  measure  the 
accrual  of  periphyton  pigments  and  bicmass.    The  slides  were  placed  in  a 
plastic  carriage  (Periphytometer  II)  produced  by  Design  Alliance,  Inc.  of 
Cincinnati,  CMo.    The  carriage  and  slides  ensemble  was  tied  to  a  cement 
cinder  block,  which  served  as  an  anchor.    The  samplirg  device  was  placed  in 
water  of  moderate  current  velocity  (0.1  to  0.5  m/sec)  and  moderate  depth  (0.3 
to  1.0  m)  such  that  the  slides  were  oriented  with  their  surfaces  perpendicular 
to  the  direction  of  flow.     In  larger  rivers,  the  slide  carriage  was  placed  in 
a  floatation  device  provided  by  the  manufacturer,  which  was  tied  to  a  bridge 
or  some  other  permanent  object.     In  such  cases  the  slides  were  oriented  with 
their  surfaces  parallel  to  the  direction  of  flow  and  their  top  edges  just 
below  the  water's  surface.    The  slides  were  exposed  from  13  to  28  days 
depending  on  season,  water  teir^^erature,  and  inherent  productivity. 

U^n  retrieval,  the  slides  were  removed  from  the  carriage  and  immediately 
placed  into  li^t -proof  slide  boxes.    The  boxes  were  labeled  and  transferred 
to  the  laboratory  on  ice.    On  arrival  at  the  lab,  the  boxes  were  placed  in  a 
freezer  for  at  least  24  hours  to  enhance  cell  lysis. 

Pigment  extraction  and  measurement  were  performed  according  to  the 
American  Public  Health  Association  (1975)  with  the  following  procedural 
exceptions.    Periphyton  was  scraped  into  50  ml,  foil-wrapped  centrifuge 
tubes.    For  each  slide  scraped,  10  ml  of  90  percent  acetone-10  percent 
saturated  MgCD3  solution  was  added  to  the  tube.    Usually  one  sanple 
consisted  of  scrapings  from  4  slides,  consequently  the  total  acetone  volume 
equalled  40  ml.    The  tubes  were  placed  in  a  sonic  bath  for  at  least  20  minutes 
to  aid  pigment  extraction,  then  allowed  to  steep  for  at  least  24  hours  in  the 
dark  under  refrigeration  at  4^0,  and  sonified  again  for  at  least  20 
minutes.    Pigment  cptical  density  readings  were  made  with  a  Perkin-Elmer  Model 
200  Spectrophotometer  at  a  resolution  setting  of  1.0  nanometer  and  path  length 
of  1.0  centimeter. 

Biomass  determinations  were  also  done  according  to  A.P.H.A.  (1975)  with 
the  following  variations.    Biomass  and  chlorophyll  measurements  were  made  from 
the  same  "pooled"  slide  samples.    Vycor  100  ml  glass  evaporating  dishes  were 
used.    Prior  to  placing  the  samples  in  the  drying  oven,  the  acetone  was 
evaporated  under  a  bank  of  sun  laiips. 

Results 

Tables  28  throu^  37  contain  chlorophyll  a  accrual  rates,  biomass  accrual 
rates,  autotrophic  index  values,  chlorophyll  a/pheophytin  a  ratios,  and 
carotene/ chlorophyll  ratios,  re^jectively.    Unfortunately,  for  a  variety  of 
reasons,  there  are  many  gaps  in  the  periphyton  production  data  for  eastern 
Montana.    A  box  containing  most  of  the  slides  from  the  spring  trip  were 
removed  from  the  laboratory  freezer  and  inadvertently  left  unrefrigerated  for 
several  days,  thus  spoiling  the  sairples.    Ice  cover  or  near-dry  streambeds 
were  encountered  on  three  occasions.    Fluctuating  water  levels  and  damaged  or 
missing  periphytometers  accounted  for  the  remaining  gaps. 
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Int erpretat  ion 


Chlorophyll  a  accrual  rates  in  streams  of  eastern  Montana  averaged  from 
0.01  to  2.04  mg/^/day.    Klarich  (1976)  reported  mean  accrual  values  ranging 
from  0.7  at  Laurel  to  12.2  at  Huntley  for  a  reach  of  the  Yellowstone  River  he 
describes  as  "mesotrophic" .    Ingman  (1978)  found  accrual  rates  averaging  3.1 
for  a  moderately  enriched  section  of  Prickly  Pear  Creek  below  the  Helena 
sewage  treatment  plant  discharge.    At  the  other  extreme,  Bahls  (1978)  reported 
mean  chlorophyll  a  accrual  rates  of  0.13  and  0.14  mg/m^/day  for  two  very 
oligotrophic  northwestern  Montana  streams.    From  these  previously  published 
data  an  arbitrary  chlorophyll  a  accrual  rate  of  0.5  mg/m^/day  can  be 
considered  transitional  between  oligotrophic  and  mesotrophic  status,  implying 
this  criterion  to  the  eastern  Mantana  chlorophyll  a  accrual  rates,  24  of  the 
34  stations  for  which  data  are  available  would  be  classified  as  oligotrophic. 
The  remaining  ten  stations  would  be  classified  as  mesotrophic  in  terms  of 
chloropliyll  a  accrual. 

Mean  biomass  accrual  rates  in  streams  of  eastern  M3ntana  ranged  from  8 
mg/m^/day  in  the  Redwater  River  near  Poplar  to  336  mg/m^/day  in  the  Judith 
River  at  Eanvers.    Klarich  (1976)  reported  extreme  values  of  50  and  730 
mg/m^/day  in  the  Yellowstone  River  above  and  below  Billings,  respectively. 
Ingman  (1978)  reported  a  mean  bianass  accrual  rate  of  338  mg/m^/day  for 
Prickly  Pear  Creek,    fehls  (1978)  found  mean  biomass  accrual  rates  of  115  and 
102  mg/m2/day  for  the  two  oligotropohic  northwest  Mantana  streams  he 
studied.    Whittaker  (1970)  has  determined  that  normal  biomass  production  rates 
for  streams  range  from  300  to  4100  mg/m^/day.    All  stations  in  eastern 
Montana  except  the  Judith  River/Eanvers  site  fell  below  Whittaker 's  lowest 
normal  value.    IWenty-seven  stations  were  below  the  biomass  accrual  rate  of 
115  mg/m2/day  that  Bahls  found  on  an  oligotrophic  stream  in  northwest 
Montana,  further  substantiating  the  oligotrophic  status  assigned  to  the 
majority  of  eastern  Montana  stations.    Ihe  exceptions  were  Big  Spring  Creek, 
the  Judith  River  at  Eanvers,  the  Musselshell  River  at  M^sby,  Wblf  Creek  at 
Stanford  and  Denton,  the  Clark's  Fork  River  and  the  Yellowstone  River  at 
Huntley . 

Mean  autotrophic  index  values  ranged  from  75  in  the  Yelllowstone  River 
near  Livingston  to  1392  in  Beaver  Creek  near  Hinsdale.    Twelve  stations  had 
mean  autotrophic  index  values  that  fell  below  the  urpolluted  criterion  of  200; 
eight  additional  sites  had  values  ranging  from  200  to  300  and  may  be 
considered  borderline.    Often  the  very  hii^  autotrophic  index  values  were  from 
stations  with  relatively  little  periphyton  growth.    Consequently,  these  high 
values  may  be  due  in  large  part  to  analytical  error  inherent  in  low-range 
bicmass  and  chlorophyll  measurements. 

Mean  chlorophyll  a/phecphytin  a  ratios  ranged  from  1.47  to  1.80  at 
staticais  in  eastern  Montana  with  an  overall  mean  value  of  about  1.62.  This 
indicates  that  the  physiological  condition  of  algae  colonizing  artificial 
siibstrates  in  eastern  Montana  was  fair  to  excellent. 

Maan  carotene/ chlorophyll  or  "yellow/greoi"  ratios  were  within  the  range 
of  1.89  to  2.89  at  all  sites  in  eastern  Mantana.    This  means  that  algae 
associations  colonizing  artificial  substrates  in  eastern  Montana  streams  are 

young  and  exhibit  relatively  high  chlorophyll  a  concentrations. 


Table  28.    Qiloropl:^!!  a  accrual  (mg/m^/day)  —  Northeast  Loc^ 


Station 

Spring 

Summer 

Fall 

Mean 

Beaver  Creek/Hinsdale 



0.01 

0.01 

Box  Elder  Creek 



Big  Muddy  Creek 

0.22 

0.07 

0.14 

Biq  Sparing  Creek 

1.29 

2.15 

1.72 

Judith  River/Utica 

0.25 

0.87 

0.32 

0.48 

Judith  River/Danvers 

0.97 

3.11 

2.04 

Judith  River/Winifred 

0.14 

0.03 

0.08 

Milk  River/Nashua 





0.07 

0.07 

Missouri  River/Winifred 

0.14 

0.14 

Missouri  River/Mobridge 

Missouri  River/ 
Culbertson 

ICE 



0.12 

0.12 

Musselshell  River/ 
Harlowton 



0.27 

0.40 

0.34 

Musselshell  River/ 
Bundy 



0.06 

0.11 

0.08 

Misselshell  River/ 
Delphia 

0.04 

0.04 

0.04 

Musselshell  River/ 
Mosby 





0.58 

0.58 

Pcplar  River 

0.69 

0.07 

0.38 

Redwater  River/Circle 





0.05 

0.05 

Itedwater  River/R>plar 

0.01 

0.01 

Vfolf  Creek/ Stanford 

2.. 2.1 

1 .39 

Wblf  Creek/Denton 

0.43 

1.49 

0.96 

Mean 

1.26 

0.56 

0.52 

0.59 

-  42  - 


T^ble  29.    Chlorophyll  a  accrual  (mg/m2/day)  ~  Southeast  Ixxsp 


^1-  ^   "i  on 

wL.ClL.-LWi  I 

Sprinq 

Summer 

Fall 

Mean 

Armell's  Creek 



0.13 

DRY 

0.13 

Beaver  Creek/Wibaux 





0.07 

0.07 

Bighorn  River 



0.53 



0.53 

Clark's  Fork  River 



1.09 

1.22 

1.16 

Little  Missouri  River 





0.03 

0.03 

Powder  River/Broadus 



0.01 

0.07 

0.04 

0.01 

0.01 

RDsebud  Creek 



0.04 

0.01 

0.02 

Shields  River 

 * 

0.72 

0.72 

TV^rtT'i  1  p  Ri  ver  / 

J.L^l  JhJ  Lie    X\JU  V^i.  / 

Brandenberg 

0.03 

0.06 

0.04 

IvJlt^  Lie   I\X  VCi.  / 

Miles  City 

0.67 

0.09 

0.38 

Vo  1 1  rTWQi"  nnp  Ri  ver  / 
Livingston 

0.72 

1.74 

1.23 

XeXX(.AVoL.LJilc   X\i  VCJ.  / 

Billings 

0.45 

0.45 

Yellowstone  River/ 
Huntley 

1.44 

1.44 

Yellowstone  River/ 
Forsyth 



0.15 



0.15 

Yellowstone  River/ 
Sidney 

0.32 

0.32 

Mean 

0.44 

0.43 

0.44 

-  43  - 


Table  30.    Biomass  accrual  (mg/m^/day)  —  Northeast  locp 


Station 

Spring 

Summer 

E^ll 

Mean 

Beaver  Creek/ Hinsdale 





19 

19 

Box  Elder  Creek 



DRY 



Big  Muddy  Creek 



81 

11 

46 

Big  Spring  Creek 



138 

176 

157 

Judith  River/Utica 

49 

158 

86 

98 

Judith  River/Eanvers 



113 

559 

336 

iTndi  t"Vi  Pi  \7P»7^/Wi  rri  "fre^r^ 

LiLlX  U  1            V^l.  /  T1J,  il_L  C^v^ 

27 

13 

20 

Milk  River /Nashua 



27 

27 

Missouri  River/ 
Wini  f red 



20 



20 

Missouri  River/ 
Mobridge 









Missouri  River/ 
Culbertson 

ICE 



24 

24 

Musselshell  River/ 
Harlowton 



51 

88 

70 

Musselshell  River/ 
Bundy 



14 

71 

42 

Musselshell  River/ 



12 

28 

20 

Mil  QQfal  c:Vlfi  1  1    Rl  Vf^y  / 

Mosby 

14] 

141 

-1-^-1- 

Poplar  River 



123 

18 

70 

Redwater  River/Circle 





11 

11 

Redwater  River/ Boplar 

8 

8 

Wblf  Creek/Stanford 

291 

221 

76 

196 

Wblf  Creek/Denton 

112 

202 

157 

Mean 

170 

89 

92 

96 

-  44 


"I^ble  31.    Biomass  accrual  (mg/m^/day)  —  Southeast  Loop 


Station 

Spring 

Sunmer 

F^l 

Mean 

Amell's  Creek 

42 

DRY 

42 

Beaver  Creek/Wibaux 

28 

28 

Bicpiorn  River 

42 

42 

Clark's  Fork  River 

131 

134 

132 

Little  Missouri  River 

23 

23 

Pcwder  River/ Broadus 

6 

25 

16 

Powder  River/Locate 



9 



9 

Rosebud  Creek 

16 

11 

14 

Shields  River 

62 

62 

Tbngue  River/ 
Branderiberg 



16 

26 

21 

Tongue  River/ 
Miles  City 



103 

19 

61 

Yellowstone  River/ 
Livingston 



60 

115 

88 

Yellowstone  River/ 
Billings 





96 

96 

Yellowstone  River/ 
Huntley 

197 



197 

Yellowstone  River/ 
Forsyth 

21 

21 

Yellowstone  River/ 
Sidney 

63 

63 

Mean 

58 

55 

57 

-  45  - 


Table  32.    Autotrophic  Index  -  Northeast  Loop 


Station 

Spring 

Summer 

Fall 

Mean 

Beaver  Creek/ Hi  nsdale 

1392 

1392 

Box  Elder  Creek 

DRy 

Big  Muddy  Creek 

371 

148 

260 

Big  Spring  Creek 

116 

82 

99 

Judith  River/Utica 

201 

181 

281 

221 

Judith  River/EBnvers 

117 

180 

148 

Judith  River/Winifred 

195 

538 

366 

Milk  River/Nashua 





390 

390 

Missouri  River/Winifred 



141 

141 

Missouri  River /Mobridae 

Missouri  River/ 
Culbertson 

ICE 



208 

208 

Musselshell  River/ 
Harlowton 



189 

223 

206 

Misselshell  River/ 
Bundy 



237 

693 

465 

Musselshell  River/ 
Eelphia 

351 

643 

497 

Misselshell  River/ 
Mosty 





244 

244 

Poplar  River 

180 

276 

228 

Hsdwater  River/Circle 





213 

213 

Itedwater  River/ BDplar 

731 

731 

vyoir  creeK/ btanrora 

1  "ii 

J-O  / 

177 

Wblf  Creek/Denton 

2a 

132 

196 

Mean 

166 

206 

390 

305 

-  46  - 


Table  33.    Autotropihic  Index  —  Southeast  Locp 


Station 

Spring 

Summer 

B^l 

Mean 

Amell's  Creek 

323 

DRY 

323 

Beaver  Creek/Wibaux 

423 

423 

Bi^iorn  River 

85 

85 

Clark's  Fork  River 

120 

110 

115 

Little  Missouri  River 

803 

803 

Powder  River/ Broadus 

1588 

348 

968 

Powder  River/Locate 



1191 



1191 

Rosebud  Creek 

428 

1500 

964 

Shields  River 



88 

88 

Tongue  River/ 
Brandenberg 



611 

448 

530 

Tongue  River/ 
Miles  City 



155 

203 

358 

Yellowstone  River/ 
Livingston 



84 

66 

75 

Yellowstone  River/ 
Billings 





226 

226 

Yellowstone  River/ 
Huntley 

136 

—  

136 

Yellowstcaie  River/ 
Forsyth 

171 

171 

Yellowstone  River/ 
Sidney 

193 

193 

Mean 

445 

401 

423 

-  47  - 


Table  34.    Chlorophyll  a/Eliecphytin  a  ratio  —  Northeast  Locp 


Station 

Spring 

Summer 

E^ll  1 

Mean 

Beaver  Creek/ Hinsdale 





1.47 

1.47 

Box  Elder  Creek 



Dm 





Big  Muddy  Creek 



1.70 

1.61 

1.66 

Big  Spring  Creek 



1.62 

1.58 

1.60 

Judith  River/Utica 

1.71 

1.65 

1.57 

1.64 

Jixiith  River/Eanvers 



1.67 

1.51 

1.59 

1.68 

1.58 

1.63 

Milk  River/lfeshua 



1.57 

1.57 

Missouri  River/ 
Wini  f red 



1.69 



1.69 

Missouri  River/ 
Mobridge 







—  

Missouri  River/ 
Culbertson 

ICE 



1.66 

1.66 

Musselshell  River/ 
Harlowton 



1.61 

1.58 

1.60 

Musselshell  River/ 
Bundy 



1.61 

1.63 

1.62 

Musselshell  River/ 

rto  1  rShi 
Ut;  X^-Jl  iX  Ct 



1.77 

1.63 

1.70 

i^^IUoocXoiK^XX   rsj.  Vtrl.  / 

Mosby 

1.60 

1.60 

Poplar  River 



1.57 

1.60 

1.58 

Redwater  River/Circle 





1.58 

1.58 

Redwater  River/ Rjplar 

1.63 

1.63 

VJblf  Creek/Stanford 

1.75 

1.61 

1.58 

1.65 

Wolf  Creek/Denton 

1.56 

1.56 

1.56 

Mean 

1.73 

- 

1.64 

1.58 

1.62 

-  48  - 


■Kible  35.    Chlorophyll  a/Hiecphytin  a  ratio  —  Southeast  Loop 


Station 

Spring 

Summer 

F^l 

Msan 

Armell's  Creek 

1.55 

DRY 

1.55 

Beaver  Creek/Wibaux 

1.53 

1.53 

Bi^Torn  River 

1.70 

1.70 

Clark's  Pork  River 

1.61 

1.61 

1.61 

Little  Missouri  River 

1.48 

1.48 

Powder  River/Broadus 

2.00 

1.61 

1.80 

Powder  River /Locate 



1.69 



1.69 

RDsebud  Creek 

1.66 

1.66 

Shields  River 

1.65 

1.65 

Tbngue  River/ 
Brandenberg 

1.68 

1.61 

1.64 

Tongue  River/ 
Miles  City- 



1.65 

1.64 

1.64 

Yellowstone  River/ 
Livingston 



1.65 

1.51 

1.58 

Yellowstone  River/ 
Billings 





1.60 

1.60 

Yellowstone  River/ 
Hantley 

__— — 

1.58 

— — 

1.58 

Yellowstone  River/ 
Forsyth 

1.67 

1.67 

Yellowstone  River/ 
Sidney 

1.62 

1.62 

Mean 

1.68 

1.59 

1.63 

-  49  - 


Table  36.    Carotene/ Qilorophyll  ratio  (OD430/OD663)  —  Northeast  Loop 


Station 

Spring 

Summer 

E^ll 

Mean 

Beaver  Creek/Hinsdale 





2.89 

2.89 

Box  Elder  Creek 



DRY 





Big  Muddy  Creek 



1.98 

2.32 

2.15 

Big  Spring  Creek 



1.92 

2.17 

2.04 

Judith  River/Utica 

2.03 

2.06 

1.99 

2.03 

Judith  River/Canvers 

— — — 

2.00 

2.29 

2.14 

Judith  River /Winifred 

2.02 

1.94 

1.98 

Milk  River/lfeshua 



2.10 

2.10 

Missouri  River/ 
Wini  f red 

1.89 

1.89 

Missouri  River/ 
Mobridge 

— — — 

'    '      ■  ' 

.._ 

Missouri  River/ 
Culbertson 

ICE 

2.09 

2.09 

Missouri  River/ 
Harlowton 

.._ 

2.18 

1.88 

2.03 

Musselshell  River/ 
Bundy 

.... 

2.44 

2.17 

2.30 

Musselshell  River/ 
Delphi a 



2.30 

2.20 

2.25 

Musselshsll  River/ 
Mosty 

2.30 

2.30 

Pcplar  River 



2.08 

2.07 

2.08 

Redwater  River/Circle 





2.25 

2.25 

Redwater  River/flDplar 

2.77 

2.  /7 

Wblf  Creek/Stanford 

1.95 

2.17 

2.00 

2.04 

Vtolf  Creek/Denton 

2.09 

2.11 

2.10 

Mean 

1.99 

2.09 

2.21 

2.15 

-  50  - 


Tfeible  37.    Carotene/Chloroptiyll  ratio  (OD430/0D663) 


—  Southeast  Locp 


Station 

Spring 

Summer 

E^ll 

Mean 

Armell ' s  Creek 

2.32 

DRY 

2.32 

Beaver  Creek/Wibaux 



2.07 

2.07 

Bighorn  River 

2.34 

 .  . ,  - 

2.34 

Clark' s  Fork  River 

- 

2.22 

2.17 

2.20 

Little  Missouri  River 

2.19 

2.19 

Powder  River/Broadus 



3.17 

1.96 

2.56 

Powder  River/Locate 

2.25 

2.25 

Rosebud  Creek 

z 

2.23 

2.23 

Shields  River 



2.09 

2.09 

Tongue  River/ 
Brandenberg 

2.40 

2.19 

2.30 

Tongue  River/ 
Miles  City 

2.06 

2.13 

2.10 

Yellowstone  River/ 
Livingston 

2.11 

2.21 

2.16 

Yellowstone  River/ 
Billings 

2.23 

2.23 

Yellowstone  River/ 
Huntley 

2.  zy 

Yellowstone  River/ 
Rarsyth 

2.07 

2.07 

Yellowstone  River/ 
Sidney 

2.19 

2.19 

Mecin 

2.31 

2.14 

2.23 
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Y 


PERIPHYTM  COMMUNITY  STRLXTTUPE 


'Batiomle 

Exc«5t  in  the  lower  reaches  of  our  largest  rivers--the  Kootenai,  Clark 
Fork^souri,  and  Yellowstone~the  stream  perijiiyton  (bottom)  community  is 
more  important  than  the  stream  plankton  (open  water)  community  m  terms  of 
plant  diversity  and  plant  production. 

In  unpolluted  waters,  the  dominant  periphyton  plants  are  diatoms.  Diatoms 
are  microscopic,  golden-brown  algae  encased  in  silica.    They  are  a  sign  of 
g^  riSrSal^h     I^Dreover,  they  are  the  preferred  food  of  many  aquatic 
invertebrates . 

Vihen  a  river  is  polluted  arri  its  chemical  and  biological  equilibrium  is 
distS,  diatoms  a?e  often  displaced  by  coarser,  less  palatable  green  and 
blue^rS;  algae  (Patrid.,  1978) .    In  Mantana  streams    this  take-over  is 
usually  accomplished  by  the  lor^,  filamentous  green  alga  Cladophora  '  "^f^ 
oftenLcomes  a  nuisance.    For  this  reason  we  have  ^^^^^j^^^^^J^J^J^i^^ 
other  significant  algae  as  a  rough  index  of  stream  well-being.  Theoretically, 
?S  IciJ^^iatoms  arfranked,  the  more  pollut«i  ard  unbalanced  is  the  river, 
it  shSS  be  noted  that  some  non^iatom  algae  may  be  seasonally  very  abundant 
in  nearly  pristine  streams,  for  example  the  blue-green  alga  Nostoo  • 

Clean  waters  usually  have  many  different  species  of  diatoms  with  some 
fairly^ommon  but  with  Lne  really  dominant.    Polluted  waters  have  fewer 
J^iL?^en  with  one  or  two  species  very  aburdant.    Clean  water  is  said  to 

hidh  diversity  ard  polluted  water  is  said  to  have  low  diversity. 
SSrsiS  measured  simply  by  counting  the  number  of  species  in  a  sample 

o^S  calcSSt?^  a  rather  in^lved  formula  called  a  diversi^  index  Ihe 
irost  widely  accepted  diversity  index  is  the  Shannon-Weaver  Index  or  d.  Bahls 
a979)  2^  benthic  dialom  associations  in  unpolluted  Montana  streams 

usually  S^more  than  25  species  and  d  values  greater  than  3.    Species  nuntoers 
si^if icantly  less  than  25^  diversity  values  significantly  below  3  may  be 
indicative  of  pollution. 

Methods 

Periphytic  algae  were  collected  from  natural  substrates  on  the  stream 
bottom.    Quantities  of  larger,  macroscopic  species  were  picked  in  proportion 
tS  Seir  a^a«:e  relative  one  to  one  another  and  to  the  attached  diatccn 
(slime)  community  as  a  whole.    Accordingly,  an  appropriate  amount  of  the 
diatom  community  was  collected  by  scraping  rocks  and  other  submerged 
si^iS^ates  with'^a  razor  blade,  pocket  knife  or  scalpel.  ^^"^ff^^J^^f 
were  scraped  in  proportion  to  the  area  they  covered.    An  effort  also  ,^s  made 
to  collect  algae  from  both  pools  and  riffles,  again  in  Proportion  to  the 
extent  these  stream  features  prevailed  at  a  given  site.    The  ultimate 
objective  was  to  obtain  a  sample  of  algae  that  was  a  miniature  replicate  of 
the  stream's  periphyton  community.    Samples  were  preserved  with  Lugol  s  (IKi; 
solution  and  returned  to  the  lab  for  analyses. 
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Cbnspicuous  non-diatom  algae  were  removed,  examined  microsccpically,  and 
identified  to  genus.    The  relative  abundance  and  rank  of  each  significant 
ron-diatom  genus  and  the  diatom  community  as  a  whole  were  then  recorded.  A 
portion  of  the  diatcan  community  was  used  to  prepare  a  permanent,  randomly 
strewn  mount  using  sulfuric  acid  and  potassium  dichromate  as  the  oxidizing 
agents  and  Cargille's  "Carmount-165"  as  the  mounting  medium  (A.P.H.A. ,  1975). 
A  diatom  species  proportional  count  was  performed  on  each  slide  following  the 
tecSinique  outlined  ty  Weber  (1973),  except  that  in  excess  of  300  rather  than 
250  cells  were  tallied.    The  results  were  used  to  compute  percent  relative 
abundance  of  taxa  and  diatcan  species  diversity  using  the  Shannon-Weaver 
formula  reccanmended  by  Weber  (1973): 

d  =  I  (N  log       N-^n.log^^Q  n. ) 

wtere  C  =  3.321928;  N  =  total  number  of  individuals;  and  ni  =  number  of 
individucils  in  the  i^^  species. 

Results 

Parameters  depicting  periphyton  ccaranunity  structure  are  presented  in 
Tables  38  through  43. 

Int  erpre  tat  ion 

Diatoms  occurred  in  all  samples  collected  in  eastern  Montana  and  ranked 
number    one  in  40  percent  of  those  samples.    The  only  significant  non-diatom 
alga  was  Cladophora,  which  occurred  in  64  percent  of  the  sairples  and  ranked 
number  one  in  35  percent.    The  green  alga  Spirogyra,  an  indicator  of  eutrophic 
ccoditions,  was  seasonally  dcsninant  in  periphytcn  samples  from  Vfolf  Creek  at 
Dsnton,  Beaver  Creek  at  Wibaux  and  the  Tangue  River  at  Miles  City. 

Mean  number  of  diatom  species  and  mean  diatom  species  diversity  values  all 
exceeded  the  criteria  below  which  pollution  would  be  suspected,  exc^t  for  the 
Judith  River  at  Danvers.    A  few  sites,  including  Big  Spring  Creek,  Vtolf  Creek 
at  Denton  and  the  Yellowstone  River  at  Billings,  had  borderline  values 
indicating  marginal  conditions. 


Table  38.    Estimated  rank  o£  diatoms  and  other  significant 
algae  by  volume  --  Northeast  Loop 


Station 

Spring 

Summer 

Fall 

Beaver  Creek/Hinsdale 

1  . 

Diatoms 

1 

X  . 

L  uaaoprLUI  CI 

1 . 

n  ndn'nh.o'po. 

2. 

Spirogyra 

2. 

3. 

Aulosira 

3. 

Diatoms 

4. 

ni  atoms 

4. 

Phormidium 

r 

D  . 

UQO%  L  UuVOrVCL 

0  . 

Anabaena 

7. 

Phormidium 

Box  Elder  Creek 

J.  . 

NS 

z . 

jjiarcjns 

9 

^  ■ 

3 . 

JJldLOmb 

^  • 

,'?7T7*  y7V  7  "1  Yin 

Big  Middy  Creek 

NS 

1. 

Anabaena 

1. 

Cladophora 

2. 

2. 

Diatoms 

Di  atoms 

3. 

Phormidium 

4, 

Calothrix 

Big  Spring  Creek 

1 

JJld  UUIllb 

1 

J.  • 

1. 

DiatOTis 

7 

0  uu.ClOprlOi  U 

2 

Di  a  1"  nm  s 

2. 

Cladophora 

■7 

J  . 

rnOlvTlTyCLZ-Unl 

o  • 

3. 

Osoi I latoria 

4. 

Hydrurus 

4. 

Lyngbya 

4. 

Phormidium 

5. 

Phormidiian 

Judith  River/Utica 

^ 

T\t  fn'f'  nvn  c 

1 

X  • 

1. 

Oscil latoria 

9 

Eydruvus 

9 

u  • 

PI  yT/7/07n/70y/7 

2. 

Sniroaura 

5 . 

Bumi-Zlevia 

7 

JJid  LUllLo 

4. 

Cladophora 

4. 

Oedogon-iwn 

4. 

Diatoms 

5. 

Audouinella 

5. 

Phormidium 

5. 

Cladophora 

0 . 

rnOrTfiL  CL  %  Wn 

6. 

Cosmarium 

7 

8. 

Closterium 

Judith  River/Danvers 

1. 

Cladophoi'a 

i  . 

uiatoms 

1 

X  . 

UXdi  LLWUo 

2 . 

Diatoms 

9 

Cladophora 

9 

/  ^ /H /~\'y^Ln  /~\ VJ /T 

o  uaaOynOL  uL 

. 

Phomridiwn 

X 

Losmai'vuiTi 

4. 

Osoillatoria 

5. 

Lyngbya 

Judith  River/Winifred 

1. 

Diatoms 

1 . 

Cladophora 

i  . 

cladophora 

2. 

Audouinella 

2. 

Diatoms 

2, 

Diatoms 

3. 

Cladophora 

3. 

Tetraspora 

3. 

Spirogyra 

4. 

Cosmarium 

5. 

Osoillatoria 

6. 

Audouinella 

7. 

Stigeoo Ionium 

8. 

Soenedesmus 

-  54  - 


Table  38.  (Continued) 


Station 

opring 

Summer 

Fall 

Milk  River/Nashua 

NS 

1. 

Diatoms 

1. 

Audouine I  la 

2. 

Diatoms 

Missouri  River/ 

1 .  Diatoms 

1. 

Cladophora 

1. 

Diatoms 

WXIlXJ-l  tJU. 

2. 

Diatoms 

2. 

Cladophora 

3. 

Osoillatoria 

3. 

Osoillatoria 

4. 

Anabaena 

4. 

Spirulina 

Missouri  River/ 

NS 

1 

X  • 

1. 

Mobridge 

2. 

Diatoms 

2, 

Diatoms 

3. 

Anabaena 

3. 

Closteriwn 

4. 

Soenedesmus 

Missouri  River/ 

NS 

1. 

Diatoms 

.1. 

Cladophora 

Culbertson 

u uovni ux 

7 

Di  atriTTi^ 

3. 

Osoillatoria 

3. 

Osoillatoria 

4. 

Audouine I  la 

5. 

Stigeoc Ionium 

Musselshell  River/ 

1 .  Diatoms 

1 . 

Cladophora 

1 

X  • 

Harlowton 

2 .  Cladophora 

2. 

Diatoms 

2. 

cladophora 

3. 

Ctosterium 

3. 

Phormidium 

4. 

Osoillatoria 

5. 

Phormidium 

Musselshell  River/ 

1 .  Diatoms 

Anabaena 

1 

X  • 

U  uCLClU^rlUl  a 

Bundy 

2. 

Diatoms 

2. 

Diatoms 

3. 

Audouine I  la 

^  > 

rnOlW  ua  uiAJn 

iviusoexbiicxx  i\.±vci/ 

1. 

Cladophora 

1. 

Cladophora 

Delphia 

2. 

Phormidium 

2. 

Spirogyra 

3. 

Diatoms 

3. 

Diatoms 

4. 

Calothrix 

5. 

Phormidium 

Musselshell  River/ 

1 .  Diatoms 

1. 

Phormidium 

1. 

Diatoms 

Mosby 

2. 

Diatoms 

2. 

Soenedesmus 

Poplar  River 

NS 

1 

X  • 

1 

Of^r^n  1 1  rrhny^i  n 

2. 

Diatoms 

2. 

3. 

Phormidium 

3. 

Diatoms 

4. 

Oedogonium 

4. 

Soenedesmus 

5. 

Osoillatoria 

5. 

Mougeotia 

6. 

Calothrix 

6. 

Phormidium 

7. 

Anabaena 

7. 

Daoty loooooopsis 

8. 

Merismopedia 
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Table  38.  (Continued) 


Station 


Redwater  River/Circle 


Redwater  River/Poplar 


Wolf  Creek/Stanford 


Wolf  Creek/Denton 


NS:    No  sample  (sample 
or  ice  cover) 


Spring 


1 .  Diatoms 

2 .  Phormidium 


NS 


1 .  Hydmrus 

2 .  Diatoms 
3. 


1 .  Diatoms 

2.  Bumilleria 


Summer 


not  collected  because  of  high  flow  or 


Fall 


1. 

Oedogoniim 

1. 

Rivularia 

I . 

Diatoms 

9 

Diatoms 

3 . 

Ca  L-otnrzx 

3 . 

OsoillatoT'ia 

4. 

Bulboohaete 

4. 

Anabaena 

5. 

Osoillatoria 

1  . 

Osai,  Z  Zatofia 

i  . 

jjiaroms 

Diatoms 

9 

USO^  u  uCLVOi  LCL 

3. 

Sp^rul^na 

3 . 

Spiru  Una 

4. 

Calotnv-ix 

1 . 

Cladopnora 

i . 

••77. 

Osoi L LavoTia 

2 . 

Oscittatoria 

9 

Dvcipavna  Idia 

3. 

Diatoms 

J  . 

Diatcxns 

4. 

Cladophora 

1. 

Spirogyra 

1. 

Cladophora 

2. 

Cladophora 

2. 

Diatoms 

3. 

Diatoms 

3. 

Saenedesmus 

4. 

Saenedesmus 

4. 

Cosmarium 

5. 

Enteromorpha 

6. 

Cosmavium 

7. 

Closterium 

8. 

Pediastrum 

9. 

Osoillatoria 

dry  streambed 
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Table  39.    Estimated  rank  of  diatoms  and  other  significant 
algae  by  volume  --  Southeast  Loop 


Station 

Spring 

Summer 

Fall 

Armell's  Creek 

1. 

Diatoms 

1. 

Cladophora 

1. 

Chora 

2. 

Phormidiim 

2. 

Lynghya 

2. 

Lynghya 

T 

J  . 

Diatoms 

•7 

0  . 

Vauoheria 

4. 

Oedogoniion 

4. 

Diatoms 

5. 

Phormidium 

5. 

Gloeoaystis 

6. 

Eug lena 

Beaver  Creek/Wibaux 

1. 

Diatoms 

1. 

Cladophora 

1. 

Spirogyra 

z . 

Sp-ivogyva 

Z  . 

Diatoms 

7 

z . 

Micrbspora 

3. 

Oedogonivm 

3. 

Diatoms 

4. 

Phorm-idium 

4. 

Mougeotia 

5. 

Audouine I  la 

Bighorn  River 

1. 

Diatans 

1. 

Cladophora 

1. 

Cladophora 

Z  . 

CZadophoPcz 

7 

Z  . 

Spirogyra 

7 

JJldtOlIlb 

3, 

Phormidium 

3. 

Diatoms 

3. 

Audouinella 

4. 

Phormidiim 

4. 

Stige 00  Ionium 

5. 

Phormidiim 

Clark's  Fork  River 

i  . 

Cladophova 

1 . 

Diatoms 

1 . 

jjiatOTs 

2. 

Diatoms 

2. 

Cladophora 

2. 

Cladophora 

3. 

Osoillatoria 

3. 

Cosmarium 

A 

4 . 

Phormidium 

uso%  u  lAivorva 

5. 

Cosmariim 

Little  Missouri  River 

NS 

1. 

Cladophoria 

1. 

Calothrix 

z . 

Phormidium 

7 

z . 

jjiatoms 

3. 

Diatoms 

3. 

Anabaena 

4. 

Ulothrix 

4. 

Osoillatoria 

Powder  River/Broadus 

1. 

Diatoms 

1. 

Diatoms 

1  . 

Vauoheria 

2. 

Diatoms 

Powder  River/Locate 

1. 

Diatoms 

1. 

Osoillatoria 

1. 

Diatoms 

2. 

Euglena 

2. 

Osoillatoria 

3. 

Diatoms 

3. 

Anabaena 

Rosebud  Creek 

1. 

Cladophora 

1. 

Cladophora 

1. 

Cladophora 

2. 

Diatoms 

2. 

Diatoms 

2. 

Audouinella 

3. 

Diatoms 

Shields  River 

1. 

Diatoms 

1. 

Cladophora 

1. 

Diatoms 

7 

z. . 

HydPUPus 

7 

7 

0  uaaupriui  u. 

3. 

Cladophora 

3. 

Phormidium 

3. 

Closterium 

4. 

Closterium 

4. 

Ulothrix 

5. 

Phormidium 

6. 

Stigeoalonium 
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Table  39.  (Continued) 


«-k  -4-  -■  n-n 

btation 

Spring 

Summer 

Fall 

Ton  en       R 1  at'i^t  / 

1. 

Cladophora 

1  . 

o  uacLopnora 

1 . 

/^7  /T/T /^7^  J?  ^  V)/T 

L  uaCiOprLOl  CL 

2. 

Audouinella 

At       /TI V     V7  /O  7  7  /T 

3. 

Diatoms 

3. 

Diatoms 

3. 

Diatoms 

4. 

Andbaena 

4. 

Phormidium 

c 

3  , 

JrflUI"ii  UU.  uUiil 

fS 
\J  • 

Tongue  River/Mies  City 

NS 

1 

1  . 

opvroyij  ra 

1 

±  • 

U  uU,(J.UyiLUl  CL 

9 

UldtOIIlb 

Z  • 

•7 

J  . 

0  u(X(XOynOrO. 

7 

T\i       i^m  c 

4. 

Andbaena 

4. 

Saenedesmus 

5. 

Audouinella 

6 

Yel lowstone  River / 

i  . 

Diatoms 

X  . 

tlinuei  OTnOi  ynCL 

X  . 

JJXciLUillb 

Livingston 

2. 

Hydrurus 

7 

U  UU,U,U y  r lU I  Li 

2 

3. 

Cladophora 

3. 

Diatoms 

3. 

Cladophora 

4. 

Ulothrix 

4. 

Osoillatoria 

4. 

Ulothrix 

i; 

o , 

O  L'  i^lilKArJ.    LflAJ  1 1 

X  A uL/J.  ill  L^La,  l^tAJll 

6. 

SoendesTWAS 

7 

D<^r*-n  7  1  n'hnY*n  n 

1. 

Cladophora 

1. 

Diatoms 

1. 

Diatcms 

Hi  1 1 inps 

X/  -1  I-  -1-  -i  1  A  tl 

2. 

Diatoms 

2. 

Cladophora 

2. 

Cladophora 

o  • 

"Pin /^Yfmi  /l-?  TJtT) 

^             III  LfU.  L'tv  1 1 

*J  * 

DFfnilln'horia 

A 

4-  • 

A 

Ph  n'PwidiiJiY] 

C 

0  . 

usoTy  L  Lavort-a 

C 

0  . 

O  UoiflCLI  uU/it 

I  cXXUWo  LUIiC   IvL  V  CX  / 

1. 

Diatoms 

1. 

Diatoms 

1. 

Diatoms 

nun L ley 

2. 

Cladophora 

2. 

Cladophora 

2. 

Cladophora 

3. 

Phormidium 

3. 

Phormidium 

3. 

Stigeocloniun 

4. 

Stigeoalonium 

4. 

Stigeoo Ionium 

4. 

Osoillatoria 

5. 

Cosmarium 

Yellowstone  River/ 

1. 

Diatoms 

1. 

Cladophora 

1. 

Cladophora 

Forsyth 

2. 

Cladophora 

2. 

Diatoms 

2. 

Diatoms 

3. 

Phormidium 

3. 

Phormidium 

3. 

Closterium 

4. 

Cosmariiov 

5. 

Phormidium 
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Table  39.  (Continued) 


Station 


Yellowstone  River/ 
Sidney 


NS:    No  sample  (sample 


lot  collected  becau 


Spring 


NS 


Summer 


1 .  Anabaena 

1 .  , Diatoms 

3.  Osoitlatovia 

4 .  Phormidium 


e  o£  high  flow  or  dry  streambed) 


Fall 


1 .  Diatoms 

2 .  Cladophora 

3 .  Spirogyra 

4 .  Cosmariim 

5.  Closterium 

6 .  Soenedesmus 


-59  - 


Table  'fO.    Number  of  diatom  species  in  the  Northeast  Loop. 


Station 

Spring 

Summer 

Fall 

Mean 

Beaver  Creek/Hinsdale 

NC 

45 

57 

51 

Box  Elder  Greek 

11 

54 

NS 

32 

Big  Muddy  Greek 

NS 

42 

43 

42 

Big  Spring  Greek 

22 

31 

24 

26 

Judith  River/Utica 

25 

36 

25 

29 

Judith  River/Danvers 

27 

37 

26 

30 

Judith  River/Wlnifred 

17 

34 

38 

30 

Milk  River/Nashua 

NS 

23 

40 

32 

Missouri  River/Winifred 

23 

62 

46 

44 

Missouri  River/Mobridge 

NS 

54 

58 

56 

Missouri  River/Gulbertson 

NS 

50 

41 

46 

Musselshell  River/Harlowton 

34 

53 

35 

41 

Musselshell  River/Sundy 

NG 

61 

51 

56 

Musselshell  River/Delphia 

NG 

36 

31 

34 

Musselshell  Rlver/Mosby 

NG 

26 

46 

36 

Poplar  River 

NS 

67 

85 

76 

Redwater  River/Gircle 

52 

48 

55 

52 

Redwater  Rlver/Poplar 

NS 

40 

30 

35 

Wolf  Creek/Stanford 

39 

26 

47 

37 

Wolf  Greek/Denton 

20 

ij4 

27 

30 

Mean 

27 

43 

42 

37 

NG:     NO  GOUNT  (Diatoms  too  sparse  to  count) 

NS:    NO  SAMPLE  (Sample  not  collected  because  of  high  flow  or  dry  streambed 
or  ice  cover) 
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Table  kl.    Nxjmber  of  diatom  species  in  the  Southeast  Loop. 


Station 

Spring 

Summer 

Fall 

Mean 

Armell's  Creek 

5k 

ko 

29 

41 

Beaver  Creek/Wibaux 

52 

66 

82 

67 

Bighorn  River 

25 

45 

34 

35 

Clark's  Fork  River 

31 

33 

34 

33 

Little  Missouri  R^ver 

NS 

40 

55 

48 

Powder  River/Broadus 

30 

52 

53 

45 

Powder  River/Locate 

NC 

62 

44 

53 

Rosebud  Greek 

^1 

36 

37 

38 

Shields  River 

34 

34 

36 

35 

Tongue  River/Brandenberg 

20 

57 

50 

42 

Tongue  River/Miles  City 

NS 

57 

41 

49 

Yellowstone  River /Livingstor 

1  k7 

50 

50 

49 

Yellowstone  River/Billings 

k2 

31 

40 

38 

Yellowstone  River/Huntley 

21 

40 

36 

32 

Yellowstone  River/Porsyth 

36 

46 

50 

44 

Yellowstone  River/Sidney 

NS 

66 

46 

56 

Mean 

36 

47 

45 

43 

NCj    no  count  (Diatoms  too  sparse  to  conant) 

NS:    NO  SAMPLE  (Sample  not  collected  because  of  high  flow  or  dry  streambed) 
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Table  k2  .    Diatom  species  diversity  (d)  in  the  Northeast  Loopo 


Station 

Spring 

Summer 

Fall 

Mean 

Beaver  Creek/Hinsdale 

NC 

3.95 

4.77 

4.36 

Box  Elder  Creek 

1.6? 

4.76 

NS 

3.22 

Big  Ifuddy  Greek 

NS 

4.26 

3.95 

4.10 

Big  Spring  Creek 

2.97 

3.72 

2.71 

3.14 

Judith  River /Utica 

2.79 

3.74 

2.87 

3.13 

Judith  River/Danvers 

2.5^ 

3.68 

2.70 

2.97 

Judith  Rlver/Winifred 

2.59 

2.55 

4.00 

3.05 

Milk  River/Nashua 

NS 

3.92 

3.62 

3.77 

Missouri  River/Winifred 

1.76 

4.25 

3.30 

3.10 

Missouri  River/Mobridge 

NS 

4.08 

4.74 

4.41 

Missouri  River/ Culbertson 

NS 

3.92 

3.97 

3.94 

Musselshell  River/Harlovrton 

3o9^ 

4.85 

2.59 

3.79 

Musselshell  River/Bundy 

NC 

4.90 

4.43 

4.66 

Musselshell  River/Delphia 

NC 

4.33 

3.58 

4.09 

Musselshell  River/Mosby 

NC 

2o68 

3.62 

3ol5 

Poplar  River 

NS 

4.60 

5.80 

5.20 

Redwater  River/Circle 

4.71 

4.21 

4.42 

4.45 

Redwater  River/Poplar 

NS 

3.73 

2.72 

3.22 

Wolf  Creek/Stanford 

3.61 

3.40 

3.92 

3.64 

Wolf  Creek/Denton 

1.89 

4.01 

3.27 

3.06 

Mean 

2.85 

3.98 

3.74 

3.52 

NC:    NO  COUNT  (Diatoms  too  sparse  to  count) 

NS;    NO  SAMPLE  (Sample  not  collected  because  of  high  flow  or  dry  streambed 
or  ice  cover) 
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Table  Diatom  species  diversity  (d)  in  the  Southeast  Loop. 


Station 

Spring 

Summer 

Fall 

Mean 

Armell's  Creek 

4.01 

3. 08 

0    Q  ^ 
3.86 

Beaver  Creek/Wibaux 

4.19 

4.86 

5.25 

4.77 

Bighorn  River 

3.55 

4.45 

3.67 

3.89 

dark's  Fork  River 

3.70 

3.87 

3.11 

3.50 

Little  Missouri  River 

NS 

4.05 

4.80 

4.M-2 

Powder  River/Broadus 

2.98 

4.73 

4.88 

4.20 

Powder  River/Locate 

NC 

4.78 

0  QO 

4-. 33 

Rosebud  Creek 

4.5^+ 

2.98 

4.22 

3.91 

Shields  River 

4.08 

3.97 

2.68 

3.58 

Tongue  River/ Brandenb erg 

4.09 

4.31 

3.01 

Tongue  River /Miles  City- 

NS 

3.98 

2.98 

3.48 

Yellowstone  River/Livingsto 

n 

4.31 

4.49 

4.88 

4.56 

Yellowstone  River/Billings 

2.31 

2.70 

4.17 

3.06 

Yellowstone  River/Huntley 

3.12 

3.36 

3.54 

3.34 

Yellowstone  River/Forsyth 

3.79 

4.37 

4.31 

4.16 

Yellowstone  River/Sidney 

NS 

3.44 

4.56 

4.00 

Mean 

3.62 

4.01 

4.02 

3.88 

NC:    NO  COUNT  (Diatoms  too  sparse  to  count) 

NS:    NO  SAMPLE  (Sample  not  collected  because  of  high  flow  or  dry  streambed) 
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MACROINVERTEBRftTE  OCMMJNITY  STRUCTURE 


Kitionale 

Macro  invertebrates  concise  the  energy  link  between  periphyton  and  fish. 
They  include  detritus  feeders,  parasites,  scavengers,  grazers,  and  predators. 
MDst  organisms  in  this  community  of  bottcxn  dwellers  are  immature  insect 
forms.    As  with  the  periph^on,  benthic  macroinvertebrates  are  differentially 
tolerant  to  pollution.    Because  of  their  limited  mobility  and  relatively  long 
life  span  (up  to  three  years  in  some  species)  the  invertebrates,  like  sane 
periphyton,  reflect  water  quality  conditions  of  the  recent  past. 

Of  the  common  aquatic  insects  in  Montana  streams,  three  groLjJS  (orders) 
are  generally  used  as  irxaicators  of  waters  with  little  organic  pollution  or 
oxygen-demanding  wastes.    These  are  the  stoneflies  (Plecc^tera) ,  mayflies 
(E^hemeroptera),  and  caddisflies  (Trichcptera) .    Two  other  groups — the  true 
flies  (Diptera)  and  beetles  (Ooleoptera) — each  contain  species  that  prefer, 
are  indifferent  to,  or  are  conpletely  intolerant  of  pollution.    The  remaining 
common  group  of  aquatic  insects,  the  true  bugs  (Hemiptera),  is  generally 
considered  tolerant  of  organic  pollution.    Although  water  quality  preferences 
for  many  stream  insects  are  not  known,  the  relative  abundance  of  organisms  in 
these  various  grovps  gives  a  good  approximation  of  water  quality  conditions. 

In  the  typical  unstressed  situation,  there  should  be  a  large  number  of 
taxa  with  few  irdividuals  in  eacii  one.    This  instance  gives  a  high  diversity 
value,  emphasizing  good  quality  water  and  habitat  availability.  Stressed 
waters  generally  have  few  taxa  with  one  or  two  dominant.    The  number  of 
macroinvertebrate  taxa  and  macroin vertebrate  diversity  are  considered  good 
estimators  of  ccxranunity  health.    Wilhm  (1970)  reported  clean  waters  to  have 
from  11  to  54  species  and  Shannon-Vfeaver  diversity  values  from  2.6  to  over  4. 
On  the  other  hard,  polluted  streams  have  diversity  values  less  than  2  and 
frequently  less  than  1.    From  our  experience,  unpolluted  streams  with 
favorable  substrate,  oxygen  levels,  and  teirperature  generally  produce  a 
minimum  of  15  genera  and  often  between  20  and  30  genera  and  higher  depending 
on  stream  order  and  season  of  collection.    Diversities  coirputed  from  sairples 
of  less  than  100  organisms  should  be  interpreted  with  caution  (Vfeber,  1973)  as 
sixh  samples  may  not  be  statistically  reliable. 

The  number  of  irxiividual  organisms  collected  may  also  indicate  relative 
productivity  ard/or  habitat  availability,  assuming  about  the  same  amount  of 
effort  went  into  each  collection. 

Methods 

The  technique  used  for  macroinvertebrate  collection  is  a  modification  of 
the  "unit  effort  travelir^  kick"  method  described  by  Kinney  et  a]^  (1978).  The 
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objective  is  to  sample  eacii  type  of  habitat  while  applying  a  similar  amount  of 
effort  at  each  station.    Where  macroinvertebrates  are  scarce,  additional 
effort  may  be  required  in  order  to  collect  a  statistically  significant  number 
of  specimens. 

Equipped  with  a  lorg-handled  D-frame  aquatic  net  (Ward's  10W0620)*,  the 
sampler  works  all  the  major  habitat  types — riffles,  pools,  sutmerged 
vegetation,  etc.-H^/  dislodging  organisms  with  his  feet  and  capturing  them  as 
they  drift  downstream.    Research  has  shown  this  method  to  have  better 
statistical  reproducibility  than  artificial  substrate  and  Surber  samplers  in 
semi-arid  regions  where  the  fauna  tends  to  be  patchy  and  sparse  (Hornig  and 
Pollard,  1978). 

When  an  adequate  number  of  insects  has  been  collected,  the  saitpler 
rardomly  selects  100  or  more  specimens  from  the  net  and  places  them  in  a  small 
jar  filled  one-third  full  of  water.     (At  some  sites  100  organisms  cannot  be 
collected  in  a  reasonable  length  of  time,  even  with  additional  effort.)  Care 
is  taken  not  to  be  biased  ty  size  of  the  organism.    Ihe  jar  is  then  filled 
with  95  percent  ethanol,  labeled,  and  returned  to  the  laboratory  for 
analysis.    A  few  drops  of  glycerine  are  added  if  extended  storage  is  required. 

Organisms  were  identified  to  genus  wherever  possible.    Enumeration  results 
were  used  to  con^wte  the  percent  relative  abundance  of  individuals  in  major 
pollution  sensitivity  groups  (orders) .    Shannon-Weaver  diversity  was 
calculated  in  the  same  fashion  as  it  was  for  the  diatoms  (See  "PERIPHYTOiJ 
ca'MMETY  STRUCTURE  —  Methods  " ) . 

Results 

Macro  invertebrate  community  parameters  for  the  tfortheast  and  Southeast 
loops  are  presented  in  l^bles  44  through  51. 

Various  problems  were  encountered  in  obtaining  statistically  reliable 
numbers  (>100)  of  insects  in  a  reasonable  period  of  time  at  practically  all 
stations  on  at  least  one  of  the  three  visits.    Reasons  included  ice  cover, 
flood  conditions,  and  dewatering  with  its  attendant  effects  of  reduced  current 
velocity,  elevated  tenperature,  and  increased  sedimentation.    Natural  channel 
morphology  and  substrate  composition  also  presented  sampling  problems  at 
certain  sites. 

Interpretation 

Generally,  streams  that  were  sampled  at  more  than  one  station  had  higher 
numbers  of  taxa  and  higher  diversity  values  nearer  the  headwaters  than  in  the 


♦Approximately  21.5  meshes  per  inch  with  1  mm  openings 
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downstream  reaches.    This  held  true  for  the  Judith,  Missouri,  Musselshell, 
Tongue  and  Yellowstone  rivers. 

Twenty-five  of  the  36  stations  had  in  excess  of  15  total  taxa  collected 
while  15  of  the  stations  had  in  excess  of  20  taxa  collected.  No 
macro  invertebrates  were  fourd  at  the  Missouri  River  station  near  Culbertson 
due  to  the  deep  channel  configuration  and  the  shifting  sand  substrate.    In  the 
future,  artificial  si±strates  may  be  considered  for  use  on  streams  of  this 
type,  including  Big  Muddy  Creek,  the  Missouri,  FcMder,  Poplar  and  Little 
Missouri  rivers,  and  the  lower  reaciies  of  the  Milk,  Redwater,  and  Yellowstone 
rivers. 

Coin:: ident ally,  most  of  the  stations  mentioned  in  the  last  paragraph  were 
the  ones  that  did  not  have  at  least  70  percent  of  the  organisms  collected  in 
the  three  plollution  intolerant  groips  (stoneflies,  mayflies,  and 
caddisflies) .    Twenty-five  of  the  36  stations  did  surpass  the  70  percent  value 
ard  of  these  21  had  mean  diversity  values  that  ranged  from  2.12  to  3.65, 
indicating  good  to  excellent  conditions.    The  remaining  four  stations  had  mean 
diversity  values  that  were  less  that  2.12  but  greater  than  1.35.    These  low 
diversity  values  may  have  been  in  part  the  result  of  relatively  low  individual 
counts. 
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l^ble  44.    Mean  percent  relative  aburxSance  of  insects  in  the 
macro  invertebrate  orders  —  Northeast  Loop 


fif'r^  f"  1  on 

Plecof>- 
tera 
(stone— 
flies) 

qptera 

Viiiciy 

flies) 

tera 

icaaais— 

flies) 

Diptera 

(true 

flies) 

Hemif>- 
tera 
(true 
bugs) 

Beaver  Ceek/Hinsdale 

0 

42 

HI. 

lo 

0 

Box  Elder  Creek 

0 

OO 

DO 

6 

Big  MiKJdy  Creek 

0 

0 

0 

10 

88 

Big  Spring  Creek 

19 

37 

30 

11 

0 

Judith  River/Utica 

30 

40 

23 

8 

0 

Judith  River/Danvers 

17 

46 

26 

11 

0 

Judith  River/Winifred 

dU 

11 

27 

0 

Milk  River /Nashua 

0 

0 

0 

0 

100 

Missouri  River/ 
Winifred 

15 

63 

13 

8 

0 

Missouri  River/ 
MDbridge 

<5 

78 

19 

<5 

<=5 

Missouri  River/ 
Culbertson 

0 

0 

0 

0 

0 

Musselshell  River/ 
Harlowton 

13 

60 

12 

13 

0 

^Lisselshell  River/ 
Bundy 

<5 

59 

c 
O 

<5 

Musselshell  River/ 
Eelphia 

5 

54 

34 

<5 

0 

Musselshell  River/ 
MDsby 

<5 

4y 

12 

<5 

Pcplar  River 

0 

6 

6 

14 

64 

Redwater  River/Circle 

0 

<5 

69 

25 

<5 

Redwater  River/Rjplar 

0 

<5 

46 

32 

9 

Vfolf  Creek/Stanford 

<5 

30 

51 

15 

0 

Vtolf  Creek/Denton 

<5 

29 

37 

28 

<5 

Mean 

7 

32 

26 

15 

15 

:  All  other  orders  represented  5%  of  the  total  number  of  individuals 
collected  at  each  station  except  the  order  Odonata,  which  comprised 
11%  of  the  community  in  the  Redwater  River  at  Poplar. 
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■feble  45.    Mean  percent  relative  abundance  of  insects  in  the 
major  macro  invertebrate  orders  —  Southeast  Loop 


Station 

Plecop- 
tera 
(stone— 
flies) 

Ephoner- 
cptera 
(mav— 
flies) 

Trichop- 
tera 
(caddis— 
flies) 

Diptera 

(true 
flies) 

Hemip- 
tera 
(true 
bugs) 

Armell's  Creek 

0 

<5 

29 

36 

<  5 

Beaver  Creek 

5 

28 

39 

17 

<  5 

Bighorn  River 

10 

49 

16 

21 

<  5 

Clark's  Fork  River 

14 

55 

14 

16 

0 

Little  Missouri  River 

0 

35 

17 

42 

<  5 

Powder  River /Broadus 

25 

36 

31 

<5 

0 

Powder  River/Locate 

<5 

75 

21 

0 

0 

Rosebud  Creek 

0 

47 

14 

24 

5 

Shields  River 

32 

39 

23 

6 

0 

Tongue  River/ 
Brandenberg 

18 

53 

23 

<5 

0 

Tongue  River/ 
Miles  City 

19 

45 

27 

9 

0 

Yellowstone  River/ 
Livingston 

14 

41 

25 

19 

0 

Yellowstone  River/ 
Billings 

20 

40 

5 

31 

0 

Yellowstone  River/ 
Biontley 

19 

54 

12 

15 

<5 

Yellowstone  River/ 
Forsyth 

0 

45 

16 

38 

<5 

Yellowstone  River/ 
Sidney 

<=5 

49 

40 

<5 

7 

Mean 

12 

44 

22 

18 

5 

Note:    All  other  orders  comprised  less  than  5%  except  19%  Amphipoda  on  Armell's 
Creek,  8%  Megalcptera  on  Beaver  Creek,  and  8%  Goleoptera  on  Rosebud  Creek. 
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Table  46.    Number  of  macroinvertebrate  taxa  cx>llected  —  Northeast  loqp 


Spring 

Suirmer 

Fall 

Mean 

Ibtal 

* 

10 

8 

9 

12 

7 

** 

** 

7 

7 

* 

* 

5 

5 

5 

Big  spring  Creek 

J  J 

14 

12 

14 

20 

Judith  River/Utica 

16 

13 

14 

14 

22 

Judith  River/Danvers 

9 

11 

13 

11 

18 

Judith  River/Vtinifred 

6 

11 

15 

11 

18 

Ml  Ik"  Ri ^Jf^T /  Na shua 

* 

1 

1 

1 

1 

Missouri  Kiver/ 

12 

13 

12 

21 

Wi  ni  "Fred 

Ml ssour  1  Ki ver/ 

* 

7 

7 

7 

12 

MDbridge 

Missouri  Kiver/ 

* 

0 

0 

0 

0 

Culbertson 

Musselsneli  Kiver/ 

17 

16 

16 

27 

Mn  QQfal  qVip  1 1  Ri  ver / 

9 

1 

16 

11 

22 

Bundy 

Musselshell  River/ 

9 

12 

11 

11 

17 

Delphia 

Musselshell  River/ 

5 

16 

5 

9 

19 

Mosfcy 

Poplar  River 

* 

4 

5 

4 

7 

Redwater  River/Circle 

7 

5 

10 

7 

15 

Redwater  River/ Rjplar 

9 

5 

7 

9 

Wblf  Creek/Stanford 

13 

13 

4 

10 

19 

Wblf  Creek/Denton 

9 

12 

10 

10 

17 

Mean 

10 

10 

9 

9 

15 

*  Ice  or  flood  conditions 
**  No  Plow 
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l^ble  47.    Number  of  macroinvertebrate  taxa  collected  —  Southeast  Locp 


Station 

Spring 

Summer 

E^ll 

Mean 

Total 

Annell's  Creek 

4 

11 

1 

5 

14 

Beaver  Creek/Wibaux 

11 

11 

6 

9 

20 

Bi^orn  River 

14 

15 

17 

15 

26 

Clark's  Fork  River 

18 

5 

14 

12 

22 

Little  Missouri  River 

17 

8 

2 

9 

20 

Pcwder  River/Broadus 

3 

9 

6 

6 

15 

Powder  River/Locate 

* 

2 

5 

4 

6 

RDsebud  Creek 

4 

12 

13 

10 

17 

Shields  River 

15 

11 

16 

14 

25 

Tongue  River/ 
Brardenberg 

12 

8 

14 

11 

19 

Tongue  Biver/ 
Miles  City 

4 

13 

11 

9 

21 

Yellowstone  River/ 
Livingston 

17 

18 

19 

18 

25 

Yellowstone  River/ 
Billings 

15 

11 

10 

12 

22 

Yellowstone  River/ 
Huntley 

15 

10 

13 

13 

21 

Yellowstone  River/ 
Forsyth 

3 

13 

13 

10 

20 

Yellowstone  River/ 
Sidney 

* 

9 

5 

7 

9 

Mean 

11 

10 

10 

10 

19 

♦Flood  Ccaiditions 
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Table  48.    IVfecro invertebrate  genus  diversity  —  Northeast  Ijoop 


Station 

Spring 

Sunmer 

E^ll 

Mean 

Beaver  Creek/ Hinsdale 

* 

2.47 

2.22 

2.35 

Box  Elder  Creek 

2.34 

** 

** 

2.34 

Big  Muddy  Creek 

* 

* 

0.78 

0.78 

Big  Spring  Creek 

3.26 

3.17 

2.99 

3.14 

Judith  River/Utica 

3.38 

3.24 

3.28 

3.30 

Judith  River/CBnvers 

2.17 

2.70 

3.00 

2.62 

Judith  River /Winifred 

1.92 

2.75 

3.35 

2.67 

Milk  River/ffeshua 

* 

0 

0 

0 

Missouri  River 
Wini  f red 

2.83 

2.35 

3.47 

2.88 

Missouri  River 
Mobridge 

1.56 

2.14 

1.85 

Missouri  River/ 
Culbertson 

* 

0 

0 

0 

Musselshell  River/ 
Harlowton 

2.96 

3.05 

3.18 

3.06 

Musselshell  River/ 
Bundy 

2.74 

2.24 

3.10 

2.69 

Mjsselshell  River/ 
DelpJiia 

Musselshell  River/ 
Mosby 

1.77 

3.50 

2.21 

2.49 

Poplar  River 

0.54 

2.  zU 

1.  J  / 

Redwater  River/Circle 

2.18 

0.97 

1.08 

1.41 

Redwater  River/ Ebplar 

* 

1.37 

2.02 

1.70 

Vtolf  Creek/Stanford 

3.30 

2.33 

1.38 

2.34 

Wblf  Creek/Denton 

2.28 

2.74 

1.91 

2.31 

Mean 

2.61 

2.34 

2.43 

2.34 

*  ice  or  flood  conditions 


'no  flow 


Table  49.    ffecro invertebrate  genus  diversity  —  Southeast  Locp 


Station 

Spring 

Summer 

Fall 

Mean 

Armell's  Creek 

0.75 

2.21 

0 

0.99 

Beaver  Creek/Wibaux 

2.90 

2.16 

1.61 

2.22 

Bi^iorn  River 

3.50 

3.43 

3.38 

3.44 

Clark's  Fork  River 

3.16 

1.64 

3.34 

2.71 

Little  Missouri  River 

3.39 

2.16 

0.29 

1.95 

Powder  River/Broadus 

1.15 

1.45 

1.46 

1.35 

Powder  River/Locate 

u.u  / 

Rosebud  Creek 

0.05 

2.74 

2.97 

1.92 

Shields  River 

3.18 

2.97 

3.25 

3.13 

Tongue  River/ 
Brandenberg 

3 .12 

z  .10 

J  .  LO 

0  ft! 

Tongue  River/ 
Miles  City 

l.bb 

"3  HQ 

z . 

Yellowstone  Kiver/ 
Livingston 

J .  Dl 

"3  t^"? 

J  . 

Yellowstone  River/ 
Billings 

J  .  Jl 

9    1 A 
^  .  J.^ 

Tin 

2.85 

Yellowstone  River/ 
Huntley 

2.97 

2.62 

3.23 

2.94 

Yellowstone  River/ 
Forsyth 

1.27 

2.75 

2.44 

2.15 

Yellowstone  River/ 
Sidney 

2.32 

1.92 

2.12 

Mean 

2.43 

2.34 

2.40 

2.35 

*flood  conditions 
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Table  50.    Nuiriber  of  macroinvertebrate  individuals  collected  —  Northeast  Ixcp 


Station 

Dpi.  X I  ig 

ULUl  III  ^ 

E^l 

Mean 

Beaver  Creek/ Hinsdale 

* 

127 

67 

97 

Box  Elder  Creek 

18 

** 

** 

18 

Muddy  Creek 

* 

* 

40 

40 

Big  Spring  Creek 

103 

118 

102 

108 

Judith  River/Utica 

95 

96 

114 

102 

Judith  River/Eanvers 

72 

94 

75 

80 

Judith  River/Winifred 

50 

181 

123 

118 

Milk  River/lfeshua 

* 

34 

58 

46 

Missouri  River/Winifred 

50 

159 

83 

97 

Missouri  River /Mobridge 

* 

92 

118 

105 

Missouri  River/ 
Culbertson 

* 

0 

0 

0 

Musselshell  River/ 
HarlovrtLon 

114 

119 

100 

111 

Mjsselshell  River/ 
Bundy 

39 

57 

118 

71 

Musselshell  River/ 
Dslphia 

30 

126 

115 

90 

Musselshell  River/ 
Mosby 

38 

85 

133 

85 

Pcplar  River 

* 

48 

9 

28 

Redwater  River/ Circle 

135 

170 

113 

Redwater  River/ Etplar 

* 

101 

18 

60 

Wblf  Creek/Stanford 

81 

110 

33 

75 

Wblf  Creek/Denton 

52 

77 

64 

64 

Mean 

60 

104 

86 

79 

*    ice  or  flood  conditions 


*  no  flow 


Table  51.    Number  of  macaroinvertebrate  individuals  collected  —  Southeast  Loop 


Station 

Spring 

Summer 

mi 

Mean 

Amell's  Creek 

63 

62 

4 

43 

Beaver  Creek/Wibaux 

64 

75 

66 

68 

EL^orn  River 

171 

105 

139 

138 

Clark's  Pork  River 

126 

77 

98 

100 

Little  Missouri  River 

94 

123 

20 

79 

R3Wder  River/Broadus 

7 

96 

39 

47 

Powder  River /Locate 

* 

115 

26 

70 

Rosebud  Creek 

39 

108 

64 

70 

Shields  River 

124 

85 

126 

112 

Ibngue  River/ 
Brand enberg 

70 

46 

100 

72 

Tongue  River/ 
Miles  City 

11 

80 

45 

45 

Yellowstone  RLver/ 
Livingston 

123 

109 

92 

108 

Yellowstone  River/ 
Billings 

115 

90 

37 

81 

Vo  1  I  OW«5t  ont^  Rl  V<^T*  / 

Bjntley 

104 

107 

91 

101 

-L A. J- y^yvw o ^ vVi        Xvx  / 

Forsyth 

43 

75 

139 

86 

Yellowstone  River/ 
Sidney 

* 

61 

61 

61 

Mean 

82 

88 

72 

80 

*Flood  conditions 
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SUyiMARf 


This  report  presents  data  for  33  biologically-related  water  quality 
variables  at  36  stations  over  three  seasons.    It  may  be  instructive  to 
consolidate  this  information  so  that  stations  in  each  loop  can  be  compared  at 
a  glance.    The  resultirg  overview  would  put  each  stream's  biological  health  in 
perspective  by  ccmparing  it  with  that  of  other  streams  and  stream  reaches  in 
the  same  geographical  region  of  the  state. 

Oie  such  consolidation  scheme  incorporates  mean  values  for  the  following 
key  variables: 

1.  Specific  conductance  (microitihos  @  25  C) 

2.  Sodium  adsorption  ratio  (summer  only) 

3.  Total  suspended  sediment  (mg/l) 

4.  Laboratory  turbidity  (NTO) 

5.  Total  soluble  inorganic  nitrogen  (mg/l) 

6.  Total  phosphorus  (mg/l) 

7.  Algal  assay  control  mean  maximum  standing  crop  (mg/l)  (summer  only) 

8.  Chloroph/11  a  acciaral  (mg/m^/day) 

9.  Biomass  accrual  (rag/m^/day) 

10.  Autotrophic  index 

11.  NLmiber  of  diatom  species 

12.  Diatom  species  diversity  (df) 

13.  Number  of  macroinvertebrate  taxa 

14.  ^bcro invertebrate  genus  diversity  (3) 

15.  Number  of  macroinvertebrate  organisms  collected 

In  this  scheme,  the  assumptioi  is  made  that  the  least  amount  of  algal 
nutrients  and  periphyton  production  is  the  most  desirable  case.  Variables 
wlere  the  lowest  value  is  presumed  to  reflect  the  best  water  quality  are 
numbers  1-10  in  the  list  above.    Variables  where  the  highest  value  is  presumed 
to  reflect  the  best  water  quality  are  numbers  11-15. 

All  mean  values  are  listed  in  order  from  highest  to  lowest  (or  lowest  to 
hi^st  in  the  case  of  variables  11-15)  for  each  variable.    The  station  in 
each  loop  with  the  extreme  (highest  or  lowest)  value  indicating  the  poorest 
water  quality  is  given  a  rank  of  one  for  that  variable.    Ihe  station  with  the 
second  highest  or  lowest  value  indicating  the  second  poorest  water  quality  is 
then  given  a  rank  of  two,  and  so  on  until  all  of  the  stations  in  each  loop 
have  been  ranked  for  that  variable. 

When  all  20  stations  in  the  Northeast  Loop  and  all  16  stations  in  the 
Southeast  Loop  have  been  ranked  for  each  of  the  15  variables,  ranks  for  each 
station  are  totaled  and  divided  by  the  number  of  variables  measured  at  that 
station.    The  resulting  composite  rank  may  be  used  to  assess  relative 
biological  health  among  the  staticos  in  each  locp. 

Oomposite  rankings,  arrarged  in  order  from  the  highest  (best  quality)  to 
the  lowest  (worst  quality)  are  presented  in  Ifeible  52  for  the  Northeast  loop 
and  Table  53  for  the  Southeast  Loop. 
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l^ble  52.    Cbmposiste  ranking  of  stations  in  the  Northeast  Loop. 
Best  posible  rank  =  20;  worst  possible  rank  =  1. 


Station 

tenk 

Musselshell  River/ Iferlowton 

14.2 

Judith  River/Utica 

13.0 

Missouri  River/Mobridge 

12.9 

Wblf  Creek/Stanford 

12.7 

Redwater  River/ Circle 

12.5 

Missouri  River/Winifred 

11.9 

Big  Spring  Creek 

11.5 

Masselshell  River/Bundy 

10.9 

Beaver  Creek/ Hinsdale 

10.6 

Judith  River/EBnvers 

9.9 

Missouri  River/Culbertson 

9.5 

Judith  River/Winifred 

9.4 

Poplar  River 

9.4 

Mjsselshell  River/Delphia 

9.3 

Big  Haddy  Creek 

8.3 

VJblf  Creek /Eenton 

8.2 

Musselshell  River/Mosty 

7.7 

Box  Elder  Creek 

7.6 

Milk  River/Nashua 

7.0 

Redwater  River/ Poplar 

6.5 

Table  53.    Gomposiste  ranking  of  stations  in  the  Southeast  Locp. 
Best  posible  rank  =  16;  worst  possible  rank  =  1. 


Station 

Rank 

Yellowstone  River/Livingston 

12.6 

Shields  River 

10.2 

Bi^orn  River 

9.4 

Yellowstone  River /Forsyth 

9.3 

Ibngue  River/Brandenberg 

9.3 

Beaver  CreekA^itaux 

8.9 

Yellowstone  River /Bi 11 ings 

8.4 

Little  Missouri  River 

8.3 

Yellowstone  River/ Hunt ley 

8.3 

Yellowstone  River/Sidney 

8.0 

Rosebud  Creek 

7.9 

Tbngue  River/Miles  City 

7.3 

Arm ell's  Creek 

6.9 

Powder  River/Locate 

6.6 

Clark's  Pork  River 

6.5 

Powder  River/Broadus 

5.7 
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APPENDIXES 


i^pendix  A.    Streams  and  stations  in  the  ^fontana  biological  monitorirq 
network 

SOUTWEST  LOCP  (Iteport  ccatpleted  in  February  1979) 

Beaverhead  River  at  Twin  Bridges 

Big  Hole  River  near  IVin  Bridges 

Boulder  River  below  Boulder 

Clark  Fork  River  at  Deer  Lodge 

East  Gallatin  River  near  Belgrade 

Grasshopper  Creek  near  mouth  near  Dillon 

Jefferson  River  near  Ihree  Forks 

Madison  River  near  Three  Forks 

Muddy  Creek  at  mouth  near  Dell 

Prickly  Pear  Creek  at  East  Helena 

Prickly  Pear  Creek  near  mouth 

Red  Rock  River  above  Lima  Reservoir 

Raty  River  near  Twin  Bridges 

She^  Creek  above  Muddy  Creek 

Silver  Bow  Creek  below  Vferm  Springs  Ponds 

Vfest  Pork  Madison  River  near  mouth 

Vfest  Gallatin  River  at  Central  Park  (190) 

NORTHCENTRAL  LOOP  (Report  caipleted  in  March  1979) 

Big  Sandy  Creek  near  mouth 

Dearborn  River  near  mouth 

Lodge  Creek  near  Chinook 

Marias  River  near  Shelty 

Marias  River  at  Lcma 

Milk  River  at  Havre 

Milk  River  above  Qiinook 

Missouri  River  at  Cascade 

Missouri  River  at  Fort  Benton 

Middy  Creek  near  mouth  at  Vaughn 

Pondera  Creek  near  mouth  near  Chester 

Smith  river  near  Ulm 

Sun  River  near  Fort  Shaw 

Sun  River  below  Vaughn 

Teton  River  near  Dutton 

Teton  River  near  Fort  Benton 

KDRTHWEST  IDCP  (Report  completed  in  November  1979) 

Bitter  root  River  near  mouth 
dark  Fork  River  below  Bonner  Eam 
Clark  Fork  River  at  Huson  RR  Bridge 
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^^^3endix  A.  (Cbntinued) 


NORTHWEST  LOCP  (Continued) 

Clearwater  River  near  mouth 

Fisher  River  at  mouth 

Flathead  River  near  Kalispell 

Flathead  River  near  mouth 

Lake  Creek  near  mouth  near  Troy 

Little  Blackfoot  River  at  Avon 

Middle  Fork  Flathead  River  near  mouth 

North  Fork  Flathead  River  near  mouth 

Stillwater  River  near  mouth  at  Kalispell 

River  near  mouth 
Swiftcurrent  Creek  near  Babb 
VBnitefish  River  near  mouth  near  Kalispell 
Yaak  River  near  mouth 

NORTHEAST  LOCP  (Report  coirpleted  in  1981) 

Beaver  Creek  near  Hinsdale  at  Beaverton 

Box  Elder  Creek  near  Winnett 

Big  Muddy  Creek  near  mouth  near  Culbertson 

Big  Spring  Creek  below  Lewistown 

Judith  River  near  Utica 

Judith  River  near  Danvers 

Judith  River  near  mouth 

Milk  River  at  Nashua 

Missouri  River  below  Judith  River 

Missouri  River  at  Fred  Robinson  Bridge 

Missouri  River  at  Culbertson 

Musselshell  River  at  Harlowtcai 

Musselshell  River  above  R?undup  at  Burdy 

Musselshell  River  below  Roundi^  at  Delphia 

Musselshell  River  at  MDsby 

Poplar  River  at  mouth  at  Poplar 

Redwater  River  at  Circle 

Redwater  River  near  mouth 

Vfolf  Creek  at  Stanford 

Vfolf  Creek  at  Denton 

SOUTOEAST  IDCP  (Report  completed  in  1981) 

Armell's  Creek  (East  Pork)  near  Colstrip 

Beaver  Creek  at  Wibaux 

Bi^x>rn  River  at  Bighorn 

Clark's  Fork  River  near  laurel  at  EHgar 

Little  Missouri  River  at  Capitol 

Powder  River  at  Broadus 

Powder  River  near  Miles  City  at  Locate 

Rosebud  Creek  near  Cbl strip 
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i^pendix  A.  (ODntinued 

SCUTHEAST  LOCP  (Continued 

Shields  River  near  mouth 
Tongue  River  at  Brardenberg 
"Ibngue  River  at  Miles  City 
Yellowstone  River  near  Livirqston 
Yellowstone  River  at  Billings  (USGS  Station) 
Yellowstone  River  near  Huntley 
Yellowstone  River  at  Forsyth 
Yellowstone  River  near  Sidney 
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i^pendix  B.    Phasphate  (PO4  as  P  in  mg/l)  —  Northeast  Loop 


Station 

Spring 

Summer 

Fall 

Mean* 

Beaver  Creek/ Hinsdale 

0.300 

0.053 

0.011 

0.121 

Box  Elder  Creek 

0.160 

DRir 

0.005 

0.082 

Big  Muddy  Creek 

0.150 

0.061 

0.022 

0.078 

Big  Spring  Creek 

0.058 

0.058 

0.003 

0.040 

Judith  River /Utica 

< 0.001 

0.001 

<c  0.001 

<  0.001 

Judith  River/Danvers 

0.170 

0.029 

0.018 

0.072 

Judith  River/Winifred 

0.300 

0.049 

0.005 

0.118 

Milk  River/Nashua 

0.350 

0.079 

f)  091 

Missouri  River/Wini f red 

0.240 

0.032 

0.022 

0.098 

Missouri  River/Mobridge 

0.240 

0.032 

0.006 

0.093 

Missouri  River/ 
Culbertson 

ICE 

0.110 

0.028 

0.069 

Musselshell  River/ 
Harlow  ton 

0.017 

0.008 

<0.001 

0.008 

Musselshell  River/ 
Bundy 

0.260 

0.015 

0.001 

0.092 

Musselshell  River/ 
Delphi a 

0.310 

0.030 

<0.001 

0.113 

Musselshell  River/ 
Mosty 

0.440 

0.037 

Pcplar  River 

0.160 

.  0.033 

0.005 

0.066 

Redwater  River/Circle 

0.070 

0.012 

0.005 

0.029 

Redwater  River/ Ebplar 

0.330 

0.011 

<0.001 

0.114 

Vfolf  Creek/Stanford 

0.006 

0.006 

0.005 

0.006 

Vtolf  Creek/Denton 

0.020 

0.001 

0.005 

0.009 

Meein* 

0.188 

0.034 

0.008 

0.076 

Assumes  concentrations  less  than  0.001  mg/l  equal  zero. 
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Appendix  C.    Phosphate  (PO4  as  P  in  mg/1)    —  Southeast  locp 


Station 

Spring 

Summer 

Fall 

Mean* 

Armell's  Creek 

0.047 

0.008 

DRY 

0.028 

Beaver  Creek/Wibaux 

0.120 

0.006 

<  0.001 

0.042 

Bighorn  River 

0.150 

0.033 

0.002 

0.062 

Clark's  Fork  River 

0.280 

0.480 

0.005 

0.255 

Little  Missouri  River 

0.270 

0.018 

0.006 

0.098 

Powder  River/Broadus 

2.500 

0.380 

0.025 

0.968 

Powder  River /Locate 

1.800 

0.310 

0.010 

0.707 

Rosebud  Creek 

0.180 

0.110 

0.008 

0.099 

Shields  River 

0.084 

0.053 

<0.001 

0.046 

Tbngue  River/ 
Brandenberg 

0.150 

0.019 

0.005 

0.058 

Tongue  River/ 
Miles  City 

0.450 

0.022 

-cO.OOl 

0.157 

Yellowstone  River/ 
Livingston 

0.020 

0.031 

0.002 

0.018 

Yellowstone  River/ 
Billings 

0.100 

0.110 

0.013 

0.074 

Yellowtonfi  Ri  ver  / 
Huntley 

n  non 
u.  u^u 

U.Uoo 

Yellowstone  River/ 
Forsyth 

0.270 

0.075 

0.028 

0  194 

Yellowstcoe  River/ 
Sidney 

0.290 

0.049 

0.010 

0.116 

Mean* 

0.427 

0.110 

0.009 

0.186 

♦Assumes  concentrations  less  than  0.001  mg/1  equal  zero 
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i^pendix  D.    Itotal  pho^horus  (P  in  mg/1) 


—  Northeast  Loop 


Station 

Spring 

Summer 

F^l 

Mean* 

Beaver  Creek/ Hinsdale 

0.47 

0.13 

0.02 

0.21 

Box  Elder  Creek 

0.21 

Dm 

0.02 

0.12 

Big  Muddy  Creek 

0.27 

0.18 

0.14 

0.20 

Big  Spring  Creek 

0.11 

0.09 

0.04 

0.08 

Judith  River/Utica 

«=0.01 

<  0.01 

<0.01 

<  0.01 

Judith  River /can vers 

0.22 

0.06 

0.03 

0.10 

Judith  River/winifred 

0.35 

0.08 

0.02 

0.15 

Milk  River/lSfeshua 

0.64 

0.17 

0.06 

0.29 

Missouri  River/ 
Wini  f red 

0.30 

0.06 

0.04 

0.13 

Missouri  River/ 
Mabridge 

0.28 

0.07 

0.01 

0.12 

Missouri  River/ 
Culbertson 

ICE 

0.16 

0.02 

0.09 

Musselshell  River/ 
Harlowton 

0.04 

0.03 

<0.01 

0.02 

Musselshell  River/ 
Bundy 

0.31 

0.17 

-cO.Ol 

0.16 

Musselshell  River/ 
Dslphia 

0.38 

0.15 

<0.01 

0.18 

Musselshell  River/ 
MDsty 

0.51 

0.09 

<0.01 

0.20 

Poplar  River 

0.32 

0.12 

<0.01 

0.15 

Redwater  River/Circle 

0.13 

0.04 

0.01 

0.06 

Redwater  River/Rjplar 

0.46 



<=0.01 

0.23 

Vfolf  Creek/Stanford 

0.03 

0.02 

0.02 

0.02 

Wblf  Creek/Denton 

0.06 

0.04 

0.02 

0.04 

Nfean* 

0.27 

0.09 

0.02 

0.12 

*Assumes  concentrations  less  than  0.01  mg/l  equal  zero 
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i^perdix  E.    Total  pho^horus  (P  in  mg/l)  —  Southeast  Ixiop 


Station 

Spring 

Sumner 

P^l 

Mean* 

Armell's  Creek 

0.07 

0.04 

DRY 

0.06 

Beaver  Creek/Wibaux 

0.17 

0.04 

0.01 

0.07 

Bi^Tcarn  River 

0.20 

0.06 

0.01 

0.09 

Clark's  Fork  River 

0.35 

0.68 

0.02 

0.35 

Little  Missouri  River 

0.40 

0.06 

0.02 

0.16 

Powder  River/Broadus 

3.7 

0.60 

0.04 

1.45 

Powder  River/Locate 

2.6 

1  04 

Rosebud  Creek 

0.25 

0.20 

0.02 

0.16 

Shields  River 

0.13 

0.07 

<  0.01 

0.07 

Tongue  River/ 
Brand enberg 

U.zb 

0.11 

Tongue  River/ 
Miles  City 

U  •  OO 

<  0.01 

0.21 

Yellowstone  River/ 
Livingston 

n  m 
u .  uo 

n  04 

0.01 

0.03 

Yellowstone  River/ 
Billings 

n  1  ^ 
U  •  Lt 

0.03 

0.11 

Yellowstone  River/ 
Huntley 

0.17 

0.07 

0.03 

0.09 

Yellowstone  River/ 
Forsyth 

0.35 

0.10 

0.03 

0.16 

Yellowstcxie  River/ 
Sidney 

0.38 

0.09 

0.02 

0.16 

Mean* 

0.61 

0.18 

0.02 

0.27 

♦Assumes  concentrations  less  than  0.01  mg/l  equal  zero 


-  87  - 


i^pendix  F.    Nitrate  plus  nitrite  (N03-«J02  as  N  in  mg/l)  —  Northeast  locp 


Station 

Spring 

Summer 

Fall 

Mean* 

Beaver  Creek/ Hinsdale 

0.10 

•< 

0.01 

< 

0.01 

0.03 

Box  Elder  Creek 

0.07 

DRy 

< 

0.01 

0.04 

Big  Muddy  Creek 

0.31 

< 

0.01 

0.01 

0.10 

Big  Spring  Creek 

0.86 

0.55 

0.71 

0.71 

Judith  River/Utica 

0.05 

0.02 

0.06 

0.04 

Judith  River/Eanvers 

1.30 

0.90 

1.60 

1.27 

Judith  River/Winifred 

J.  •'*U 

0.60 

0.94 

0.98 

Milk  River/tfeshua 

0.24 

< 

0.01 

< 

0.01 

0.08 

Missouri  River/ 
Winifred 

1.40 

< 

0.01 

0.25 

0.55 

Missouri  River/ 
Mobridge 

0.41 

0.01 

< 

0.01 

0.14 

Missouri  River/ 
Culbertson 

ICE 

0.15 

0.16 

0.16 

Musselshell  River/ 
Harlowton 

<  0.01 

0.01 

0.01 

<0.01 

Musselshell  River/ 
Bundy 

0.30 

< 

0.01 

0.01 

0.10 

Musselshell  River/ 
Etelphia 

0.29 

< 

0.01 

< 

0.01 

0.10 

Musselshell  River/ 
MDSby 

n  00 
w  >  z  z 

< 

0.01 

0.01 

0.07 

Poplar  River 

0.25 

< 

0.01 

< 

0.01 

0.08 

Itedwater  River/Circle 

0.29 

< 

0.01 

0.01 

0.10 

Redwater  River/ Etoplar 

0.36 

< 

0.01 

0.01 

0.12 

Wblf  Creek/Stanford 

0.16 

0.11 

0.37 

0.21 

Wblf  Creek/Denton 

2.10 

4.90 

0.72 

2.57 

Mean* 

0.53 

0.38 

0.24 

0.38 

*Assuines  concentrations  less  than  0.01  mg/l  equal  zero 
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Appendix  G.    Nitrate  plus  nitrite  (NO3+NO2       N  in  mg/l)  —  Southeast  Locp 


Station 

Spring 

Summer 

Fall 

Mean* 

Armell's  Creek 

0.37 

0.01 

DR^ 

0.18 

Beaver  Creek/Wibaux 

0.61 

<  0.01 

<  0.01 

0.20 

Bighorn  River 

0.29 

0.18 

0.16 

0.21 

Clark's  Fork  River 

0.52 

0.24 

0.83 

0.53 

Little  Missouri  River 

0.19 

<  0.01 

<  0.01 

0.06 

Etiwder  River/ Broadus 

0.43 

0.32 

<  0.01 

0.25 

Powder  River/Locate 

0.30 

<  0.01 

<  0.01 

0.10 

RDsetud  Creek 

0.24 

0.08 

<  0.01 

0.11 

Shields  River 

0.40 

0.32 

0.27 

0.33 

Ibrque  River/ 
Brand enberg 

0.29 

0.01 

<  0.01 

0.10 

Tongue  River/ 
Miles  City 

0.18 

0.02 

0.08 

0.09 

Yellowstone  River/ 
Livingston 

0.18 

0.03 

0.05 

0.09 

Yellowstone  River/ 
Billings 

0.49 

0.12 

0.10 

0.20 

xcxxowsuone  i\j.vei/ 
Huntley 

Yellowstone  River/ 
Forsyth 

0.38 

0.16 

0.10 

0.21 

Yellowstcne  River/ 
Sidney 

0.26 

<0.01 

0.06 

0.11 

Mean* 

0.35 

0.10 

0.12 

0.19 

*Assumes  concentrations  less  than  0.01  mg/l  equal  zero 
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i^pendix  H.    Ibtal  amitonia 


(NHJ+NH3  as  N  in  mg/1)  —  Nartheast  Locp 


Station 

Spring 

Summer 

Mean 

0.03 

«=  0.01 

0.02 

0.02 

Box  Eldey  rvofaV 

0 .06 

DR{ 

0.04 

0.05 

Bia  Muddv  rvcuav 

U.02 

0.03 

0.03 

0.03 

Bia  Sorira  Cre't^V 

U  .05 

0.04 

0.02 

0.04 

Judith  River/utica 

^u.  ux 

<  0.01 

0.02 

<  0.01 

Judith  River /E&nwpr«; 

U.Ud 

0.01 

0.02 

0.03 

Judith  River/Wini  f r#af^ 

O.lJi) 

0.01 

0.01 

0.02 

Milk  River/Nashua 

0.02 

<  0.01 

<0.01 

<0.01 

Missouri  Ri ver/wini f red 

0.04 

<  0.01 

0.02 

0.02 

Ml ssour i  Ri ver/ Mobri  dge 

<0.01 

<  0.01 

-cO.Ol 

<0.01 

Missouri  River/ 
v-uj.ijer  uson 

ICE 

0.01 

0.01 

0.01 

Musselshell  River/ 
naricwton 

<0.01 

<  0.01 

0.01 

<0.01 

Musselshell  River/ 
Bundy 

0.06 

<  0.01 

0.01 

0.02 

MuSSelsl^l]  Rivfir/ 

Eelphia 

U.U/ 

<  0.01 

0.01 

0.03 

Musselshell  River/ 
Mosby 

0.07 

<0.01 

0.01 

0.03 

Pcplar  River 

U.Ol 

0.01 

<  0.01 

<0.01 

Redwater  River/Circle 

0.16 

0.01 

<  0.01 

0.06 

Redwater  River/ Etplar 

0.15 

<0.01 

<0.01 

0.05 

Vtolf  Creek/Stanford 

0.02 

0.02 

0.01 

Vfolf  Creek/Denton 

<0.01 

0.03 

0.03 

0.02 

Maan* 

0.04 

0.01 

o'.oi 

0.02 

♦Assumes  concentrations  less  than  0.01  mg/1  equal 
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Appendix  I.    Ibtal  ammcnia  (NHj+Iil3  as  N  in  mg/l)  —  Southeast  Locp 


Station 

Spring 

Summer 

Pclll 

Mean* 

Amell's  Creek 

0.57 

0.05 

DRY 

0.31 

Beaver  Creek/Wit>aux 

0.13 

<0.01 

<  0.01 

0.04 

Bi^Torn  River 

0.05 

<  0.01 

<  0.01 

0.02 

Clark's  Pork  River 

0.05 

<  0.01 

<  0.01 

0.02 

Little  Missouri  River 

0.03 

<0.01 

0.01 

0.01 

Powder  River /Broadus 

0.19 

0.01 

«=  0.01 

0.07 

Rjwder  River/Locate 

0.15 

0.11 

0.02 

0.09 

Rosebud  Creek 

0.30 

0.01 

0.02 

0.11 

Shields  River 

0.05 

<0.01 

<=  0.01 

0.02 

Tongue  River/ 
Branderiberg 

0.05 

<0.01 

<  0.01 

0.02 

Tongue  River/ 
Miles  City 

0.06 

<0.01 

<  0.01 

0.02 

Yellowstone  River/ 
Livingston 

<  0.01 

<0.01 

<  0.01 

<  0.01 

Yellowstone  River/ 
Billings 

0.18 

0.04 

0.46 

0.23 

Yellowstone  River/ 
Huntley 

0.10 

<0.01 

0.02 

0.04 

Yellowstone  River/ 

0.10 

0.09 

0.01 

0.07 

Yellowstone  River/ 
Sidney 

0.02 

0.01 

<0.01 

0.01 

Mean* 

0.13 

0.02 

0.04 

0.06 

*Assumes  cxancentrations  less  than  0.01  mg/l  equal  zero 


Appendix  J.    Kjeldahl  nitrogen  (N  in  rog/1)  —  Northeast  Locp 


Station 

Spring 

Sumner 

Fall 

Mean* 

Beaver  Creek/ Hinsdale 

1.30 

1.30 

0.75 

1.12 

Box  Elder  Creek 

0.72 

DRY 

0.82 

0.77 

Big  Muddy  Creek 

1.40 

1.60 

2.40 

1.80 

Big  Spring  Creek 

0.37 

0.44 

0.30 

0.37 

Judith  River/Utica 

0.09 

0.21 

0.07 

0.12 

Judith  River/EBnvers 

0.82 

0.47 

0.43 

0.57 

Judith  River/Winifred 

1.00 

0.67 

0.25 

0.64 

Milk  River/lSbshua 

1.90 

0.84 

0.65 

1.13 

Missouri  River/Winifred 

0.80 

0.35 

0.39 

0.51 

Missouri  River/Mobridge 

0.61 

0.45 

0.28 

0.45 

Missouri  River/ 
Culbertson 

ICE 

0.42 

0.23 

0.32 

Musselshell  River/ 
Harlowton 

0.45 

0.30 

0.07 

0.27 

Musselshell  River/ 
Bundy 

0.89 

0.63 

0.23 

0.58 

Musselshell  River/ 
Delphi a 

1.30 

0.49 

0.28 

0.69 

Musselshell  River/ 
Mosby 

1.10 

0.60 

0.28 

0.66 

Poplar  River 

1.50 

1.20 

0.45 

1.05 

Redwater  River/Circle 

0.77 

0.75 

0.35 

0.62 

Redwater  River/ Rsplar 

1.80 

0.90 

0.42 

1.04 

VJblf  Creek/Stanford 

0.17 

0.52 

0.41 

0.37 

Vfolf  Creek/Denton 

0.75 

0.99 

0.84 

0.86 

Mean* 

0.93 

0.69 

0.50 

0.70 

*Assumes  concentrations  less  than  0.05  mg/l  equal  zero 


^pendix  K.    Kjeldahl  nitrogen  (N  in  mg/1)  —  Southeast  Locp 


Station 

Spring 

Surmer 

- 

Fall 

Mean* 

Annell's  Creek 

1.10 

0.91 

DRY 

1.00 

Beaver  Creek/Wibaux 

0.88 



0.33 

0.50 

Bi^Torn  River 

0.60 

0.64 

0.30 

0.51 

Clark's  Fork  River 

0.86 

1.20 

0.30 

0.79 

Little  Missouri  River 

1.10 

0.75 

0.43 

0.76 

Powder  River/ Broadus 

6.60 

2.00 

0.49 

3.03 

U.JO 

o  in 

Rosebud  Creek 

1.20 

0.91 

0.45 

0.85 

Shields  River 

0.62 

0.25 

0.15 

0.34 

Tongue  Ri  ver / 
Brand enberg 

0.71 

0.35 

0  24 

0  4*^ 

Toncfue  River/ 
Miles  City 

1.20 

2.20 

\J  •  J** 

Yellowstone  River/ 
Livingston 

0.25 

0.10 

0.23 

Yellowstone  River/ 
Billings 

0.63 

Yellowstone  River/ 
ftmtley 

0.61 

0.20 

0.32 

0.38 

Yellowstone  River/ 
Forsyth 

0.89 

0.26 

0.30 

0.48 

Yellowstone  River/ 
Sidney 

0.88 

0.32 

0.35 

0.52 

Mean* 

1.45 

0.76 

0.36 

0.87 

♦Assumes  concentrations  less  than  0.05  mg/1  equal  zero 


 Saitple  exceeded  holding  time 
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